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(54) AROMATIC NITROGENOUS SIX-MEMBERED RING COMPOUNDS 



(57) An aromatic nitrogen-containing 6 : membered 
cyclic compound of the formula (I): 



Gv 



NH-CH2-R 
.0 ro 



or unsubstituted lower alkyl group, -NH-Q-R 3 (R 3 is a 
substituted or unsubstituted nitrogen containing hetero- 
cyclic group, and Q is a lower alkylene group or a single 
bond), or -NH-R 4 (R 4 is a substituted or unsubstituted 
cycloalkyl group); R 2 is a substituted or unsubstituted 
aryl group; one of Y and Z is =CH — , and the other is 
= N — t or a pharmaceutical^ acceptable salt thereof, 
these compounds exhibiting excellent selective PDE V 
inhibitory activities, and hence, being useful in the 
prophylaxis or treatment of penile erectile dysfunction, 
etc. 



o 

CD 

Q. 
LU 



wherein Ring A is a substituted or unsubstituted nitro- 
gen-containing heterocyclic group; R 1 is a substituted 
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ment, and a process for preparing the same. 
BACKGROUND ART 

,0002] IngeneraMtisknownthatcGM^ 

Ly phosphodiesterase which widely distributes " "^ffl^^a^S. various pharmacological activfties, for 

sar ess - « - * 

L treatment of diseases caused by a ^^^^'jSSn, etc. (cf., PCT Patent Publication WO 
myocardial infarction, chronic or acute. heart fa.lure, .granary ^nyp 55977) lt nas also been reported thai 
96/051 re! etc.), and prostatic hyperplasia ^'^"^ et a... Life Sciences, 67, 

PDE V inhibitors may be useful in the "eatment : * ^^^J^SmM (2000)), achalasia (Borto.otti et a,., 
23-29 (2000)), diabetic gastroparesis (Watk.ns et ^^J^j 3 ^™^., 27, 514-520 (1999)), constipat.on 
Lstroenterology; 253-257 (2000)). d^rrh^ 

(Bakre et a.., J. Cel.. Biochem. 77: 1 59-16 ^00 , and J^JJ^^ .methy.-7-oxc^-propyl-1 H-pyrazo.o 
[0004] Furthermore, it has been also reported that 1 [4 etnoxy i , ' PDE V inhibitory activrty .s 

4.3-d pyrimidin-5-yl^^^ etc (cf _ Boolell et al ., 

LefulSthe treatment of diseases such as pen^ 

The Journalof Urology. fWj^Jf^^T^ ^ urn a, of Pharmacology Proceeding Supplement, 
Letters, vol. 6, no. lb, p. ioi» ii 33u ;> 

(1998); and Goldenberg, Clinical Therapeutics voL 20 no ..I • P^" sild V enafil on , igh t response of retina tissues 
0006] in addition, sildenafil has ^f^^ n ^2SSSi on dogs (Morales et al., International Journal 
35 and its PDE V. inhibitory activity correlate ^^^^STL been reported that PDE V. on retina plays an 
of impotence Research, vol. 10, Journal of Impotence Research, vol. 10, no. 2, 

40 DISCLOSURE OF INVENTION 



(I): 

50 ^^N^N^NH-CH 2 -R 2 



(I) 



55 



R 1 
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stituted lower alkyl group, a group of the formula: -NH-Q-R 3 (in which R 3 is a substituted or unsubstituted nitrogen- 
containing heterocyclic group : and Q is a lower alkylene group or a single bond), or a group of the formula: -NH-R 4 (in 
which R 4 is a substituted or unsubstituted cycloalkyl group); R 2 is a substituted or unsubstituted aryl group; one of Y 
and Z is a group of the formula: =CH — , and the other is a group of the formula: =N — . or a pharmaceutical ly acceptable 

5 sail thereof, and a process for preparing the same. 

. [0009] Among the compounds (I) of the present invention, the nitrogen-containing heterocyclic group of the "substi- 
tuted or unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-to 10-membered monocyclic or bicyclic 
nitrogen-containing heterocyclic group, more particularly, a 5- or 6-membered nitrogen-containing heteromonocyclic 
group and a 8- to 10-membered nitrogen-containing heterobicyclic group, and most particularly, a 5- or 6-membered 

w non-aromatic nitrogen-containing heteromonocyclic group such as pyrrolidinyl group, piperazinyl group, piperidyl 
group, morpholino group, etc., a 5- or 6-membered aromatic nitrogen-containing heterbmohocyclic group such as 
imida/olyl group., pyrrolyl group, etc., and a nitrogen-containing heterobicyclic group such as 6,7-dihydro-5H-pyrrolo 
|3 4-b|pyridin-6-yl group, 5.6,7,8-tetrahydroimidazo[1 ,2-a]-pyrazin-7-yl group, 5,6,7,8-tetrahydro-1,7-naphthyridin-7-yl 
group. 1 .2.3.4-tetrahydro-2-isoquinolinyl group, 1 H-2,3,4,5.6,7-hexahydropyrazolo[4,3-c]pyridin-5-yl group, 

is 4.5.6.7-tetrahydrothiazolol5.4-c|-pyridin-6-yl group, 5,6,7,8-tetrahydropyridol4,3-d]pyrimidin-6-yl group, 4,5,6, 7-tet- 
rahydro-3H-imidazo[4 ; 5-c)pyridin-3-yl group, etc. 

[0010] The nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocy- 
clic group" for R 3 is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 1 0-membered nitrogen- 
conihining heterobicyclic group, lor example, a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic 

co group such as morpholinyl group, piperazinyl group., piperidyl group, thiadiazolyl group, dinydropyrimidinyi group, di- 
hydropyrazolyl group, a 5- or 6-membered aromatic nitrogen-containing heteromonocyclic group such as pyrimidinyl 
group, pyridazinyl group, pyridyl group, pyrazolyl group, imidazolyl group, oxazolyl group, thiazolyl group, pyrazinyl 
group, and a 8- to 1 0-membered nitrogen-containing heterobicyclic group such as benzothiazolyl group, quinolyl group, 
dihydrobcnzoxazolyl group, etc. 

^5 [0011] The substituent of the "substituted or unsubstituted nitrogen-containing heterocyclic group" for Ring A and 
R 3 is. for example, (1 ) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a formyl group, (4) an oxo 
group. (5) an amino group, (6) a di-(lower alkyl)amino group, (7) a hydroxy group, (8) a lower alkoxy group, (9) a lower 
alkoxycarbonyl group, (10) a lower alkoxy-substituted lower alkanoyl group, (11) a lower alkanoyl group, (12) a cyano- 
subsliluled lower alkyl group, and (13) a pyrimidinyl group substituted by (i) a benzylamino group substituted by a 

30 halogen atom and a lower alkoxy group and (ii) a cycloalkylcarbamoyl group substituted by a hydroxy group, etc. 

[0012] The aryl group of the "substituted or unsubstituted aryl group" for R 2 is, for example, a 5- to 10-membered 
monocyclic or bicyclic aromatic hydrocarbon group such as phenyl group, naphthyl group, etc. 
[0013] The substituent of the "substituted or unsubstituted aryl group" for R 2 is, for example, a lower alkoxy group, 
a halogen atom, a cyano group, a nitro group, a hydroxy group, a lower alkyl group, etc. 

35 [0014] The substituent of the "substituted or unsubstituted lower alkyl group" for R 1 and the substituent of the "sub- 
stituted or unsubstituted cycloalkyl group" for R 4 are, for example, a lower alkoxy group, a hydroxy group, a morpholinyl 
group, a lower alkylsulfonyl group, a di-(lower alkyl)phosphino group, a di-(lower alkyl)amino group, a pyrimidinyl- 
substituted lower alkylamino group, a pyridyl group, a pyridylamino group, a lower alkyl-substituted piperazinyl group, 
a pyrimidinyloxy group, etc. 

40 [001 5] Throughout the present description and the claims, the "lower alkyl group" means a straight chain or branched 
chain alkyl group having 1 to 6 carbon atoms, such as methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert-butyl : etc. 
The "lower alkoxy group" means a straight chain or branched chain alkoxy group having 1 to 6 carbon atoms, such as 
methoxy, ethoxy, propoxy, isopropyloxy, butyloxy, isobutyloxy, tert-butyloxy, etc. 

[0016] The "cycloalkyl group" means a cycloalkyl having 3 to 8 carbon atoms, such as cyclopropyl, cyclobutyl, cy- 
-*s clopentyl, cyclohexyl, cycloheptyl, etc. The "lower alkylene group" means a straight chain or branched chain alkylene 
group having 1 to 6 carbon atoms, such as methylene, ethylene, trimethylene, etc. 

[0017] The "halogen atom" means a fluorine atom, a chlorine atonrv a bromine atom, or an iodine atom. 

[0018] Among the compounds (I) of the present invention, preferable compounds are compounds of the formula (I) 

wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 

50 group" for Ring A is a 5- or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 1 0-membered nitrogen- 
containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-containing 
heterocyclic group" is selected from the group consisting of (1) a lower alkyl group, (2) a hydroxy-substituted lower 
alkyl group, (3) a formyl group, (4) an oxo group, (5) an amino group; (6) a hydroxy group, (7) a lower alkoxycarbonyl 
group, and (8) a pyrimidinyl group substituted by (i) a benzylamino group substitut d by a halogen atom and a lower 

55 alkoxy group and (ii) a cycloalkylcarbamoyl group substituted by a hydroxy group, R 1 is a lower alkyl group which may 
optionally be substituted by a group selected from the group consisting of a lower alkoxy group, a hydroxy group, a 
morpholinyl group, a lower alkylsulfonyl group, a di-(lower alkyl)phosphino group, a di-(lower alkyl)amino group, a 
pyrimidinyl-substituted lower alkylamino group, a pyridyl group, a pyridylamino group, and a lower alkyl-substituted 
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*tK~f rt r™,.i a - NH-0-R3 oraqroupoftheformulai -NH-F^.thenitrog n-containing hete- 
for Ring A is a 5- or 6-membered nitrogen-containing heteromonocyclic group of the formula. 
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20 



25 



30 
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40 



45 



50 



.55 



^N- or 

or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-membered 
nUrogen-containing heteromonocyclic group and a 5- or 6-membered cychc group are fused. 

Q>. CO- • OCX, CO-, 

and the hitrogan-containing heterocyclic group of the "substituted or "^-^^J^r^^^ 
group" for R=> is a non-aromatic nitrogen-containing heteromonocycl.c group of the formula. 





HN-NH /""HP f ") 

Y^T or Vk 



or an 



aromatic nitrogen-containing heterocyclic group of the formula: 



4 
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[0020] Among the compounds { I) of the present invention, other preferable compounds are compounds of the formula 
(I) wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing hetero- 
cyclic group" for Ring A is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-membered 
nitrogen-containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-con- 

30 taining heterocyclic group" is selected from the group consisting of a lower alkyl group, a hydroxy-substituted lower 
alkyl group, a formyl group and an oxo group, R 1 is a lower alkyl group which may optionally be substituted by a group 
selected from the group consisting of a lower aikoxy group and a morpholinyl group, a group of the formula: -NH-Q-R 3 , 
or a group of the formula: -NH-R 4 , the "substituted or unsubstituted nitrogen -containing heterocyclic group" for R 3 is 
a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substituted by a lower alkyl 

35 group, R 4 is a cycloalkyl group being substituted by a group selected from the group consisting of hydroxy group and ■ 
a lower aikoxy group, R 2 is a phenyl group being substituted by a group selected from the group consisting of a lower 
aikoxy group, a halogen atom and a cyano group. 

[0021] More particularly, preferable compounds of the present invention are compounds of the formula (I) wherein 
the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
40 for Ring A is a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



45 




or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-membered 
non-aromatic nitrogen^containing heteromonocyclic group and a 5- or 6-membered aromatic nitrogen-containing 
so heteromonocyclic group are fused: 



55 




and the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 



5 
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group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



^-N^ or 



10 

or an aromatic nitrogen-containing heteromonocyclic group of the formula: 



15 



20 



25 



30 



a, <x, p<-. a. 

[0022] More particularly, preferable compounds of the present invention are compounds of the formula (I) wherein 
Ring A is a group of the formula: 

OH OH 

d; c-i , Q> . CO- 



35 HO 



h 3 cA ohcm-^ or ro_ 

R'isa lower al'kyl group, a lower alkoxy-substituted lower alkyl group, a morpholinyl-substituted lower alkyl group, a 
group of the^formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , R 3 is a group of the formula: 

ch 3 H 3 q C h 3 

a. a. Ol.. a. 

H3C 



55 
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or 




9 



R 4 is a group of the formula: 




OH 



or 




OCH 3 



and R 2 is a group of the formula: 



CI 



OCH3 



or 



CN 



OCH3 



[0023] Among the compounds (I) of the present invention, more preferable compounds are compounds of the formula 
(I) wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing hetero- 
cyclic group" for Ring A is a 5-or 6-membered nitrogen-containing heteromonocyclic group or a 8- to 10-membered 
nitrogen-containing heterobicyclic group, and the substituent of the above "substituted or unsubstituted nitrogen-con- 
taining heterocyclic group" is a group selected from the group consisting of a lower alkyl group, a hydroxy-substituted 
lower alkyl group, a formyl group and an oxo group, R 1 is a lower alkoxy-substituted lower alkyl group, a group of the 
formula: -NH-Q-R 3 , or a group of the formula: -NH-R 4 , the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substituted 
by a lower alkyl group, R 4 is a hydroxy-substituted cycloalkyl group, and R 2 is a phenyl group being substituted by a 
group selected from the group consisting of a lower alkoxy group and a halogen atom. 

[0024] More particularly, more preferable compounds of the present invention are compounds of the formula (I) 
wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for Ring A is a 5- or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic group" 
for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 




9 



or a group of the formula: 




or 





7 
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an aromatic nitrogen-containing heteromonocyclic group of the formula: 

OL H <x . <X \ Ok. 

lb [0025] More particularly, more preferable compounds of the present compounds are compounds of the formula (I) 
wherein Ring A is a group of the formula: 



OH 



20 

O 



H3C 0- . 0HC O- : > CO- 



25 



R1 is a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R3 or a group of theformula: -NH-R 4 , 
r3 is a group of the formula: 

30 

35 H 3 C 

R 4 is a group of the formula: 



40 



45 

and R 2 is a group of the formula: 



50 




OH 




^/\-OCH 3 
CI 



55 ^^-^^E^ 

containing heterocyclic group" is a hydroxy-substituted lower alky, group, Ri is a group of the formula. -NH Q R . the 
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"substituted or unsubstituted nitrogen-containing heterocyclic group" for R 3 is a 5- or 6-membered nitrogen-containing 
heteromonocyclic group which may optionally be substituted by a lower alkyl group, and R 2 is a phenyl group being 
substituted by a group selected from the group consisting of a lower alkoxy group and a halogen at6m. 
[0027] More particularly, the more preferable compounds of the present invention are compounds of the formula (I) 
5 wherein the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for Ring A is a 5-or 6-membered non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

O- . H Q_ - O-. 



or 

*5 a group of the formula: 



20 




the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen : containing heterocyclic group" 
for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

25 




or 

an aromatic nitrogen-containing heteromonocyclic group of the formula: 

35 




40 

[0028] More particularly, the preferable compounds of the present invention are compounds of the formula (I), wherein 
Ring A is a group of the formula: 

45 OH 




so 

R 1 is a group of the formula: -NH-Q-R 3 , R 3 is a group of the formula: 



55 
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10 



15 



50 



H 3 C 



and R 2 is a group of the formula: 




^V-OCH 3 



CI 



[0029] Among the compounds (I) of the present invention, the most preferable compounds are compounds of the 
formula (I) wherein Y is a group of the formula: =N— , and Z is a group of the formula: =CH— . 
[0030] Among the compounds (I) of the present invention, pharmaceutical^ preferable compounds are compounds 
20 selected from the following group or a pharmaceutical^ acceptable salt thereof. 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4H3^hloro^-memoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)carbamoyl] 

2 y (T7 d dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-m 

25 bamoyllpyrimidine; 

2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-yl)-4-(3-chloro-4-m e thoxybenzylamino)-5-[N-(trans-4-methoxycy- 

.clohexyl)carbamoyl]-pyrimidine; --' 

2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycy- 

clohexyl)carbamoyl]-pyrimidine; 
30 2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-mprphohnoethyl)car- 

^S^^hy^methyl-l-pyrrolidiny 

^[(Sj-^hydroxymethyl-l -pyrrolidinyl]-4-(3-chloro-4-methoxybenzylamino)-5-[N-[[(2R)-4-methyl-2-morpholinyl] 

35 methvilcarbamoyll-pyrimidine; . . n 

2-[(2S)-2-hydroxymethyl- 1 - pyr rolidinyl]-4-(3-chloro-4-methoxybenzylamino]-5-[N-[[(2S)-4-methyl-2-morphol.nyl] 

methvllcartDamoyll-pyrimidine; _ 
(S)-2-(2-hyd ro xymethyl-1-pyrrolidin y i)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(4-pyrimidinylmethyl)carbamoyl] 

40 2 y (Trn^thyl-3-oxo-1 -piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)car- 

^(XformylT-piperazinylH-^ 

^"ej.B-tetrahydroimidazoll ,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycy- 

45 clohexvDcarbamoyll-pyrimidine; 

24cis-2,5-bis(hydroxymethyl)-1-pyrrolidinyl]-4-(3-chloro^-methox y benzylamino)-5-[N-(2-pyrimid l nylmethyl)car- 

StsTs-tetrXdr^ 



carbamoyllpyrimidine; 

2-(5,6,7,8-tctrahydro-1,7-naphthyridin-7-yl)^-(3-chloro-4-methoxybenzylamino)-5-[N-(2-moroholinoethyl)car- 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-acethylpynmidine; 
55 ( s)-2-(2-hydroxymethyl-1-pyrrolidin y l)-4-(3-chloro-4-methoxybenzylamino)-5-tN-(4-pyridazinylmethyl)camamoyl] 

5s)T(2 n hydroxymethyl-1 .pyrrolidin y i)-4-(3-chloro-4-methoxybenzylamino)-5^N-(5-pyrimidinylmethyl)carbamoyl] 
pyrimidine; 



10 

BNSDOCID <EPi_1219609A1_l > 



EP 1 219 609 A1 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxyb nzylamino)-5-[N-(2-pyridylm thyl)carbamoyl]pyri- 
midine; 

(S)-2-[N-(2-pyrimidinylmethyl)cart3amoyl]-3-(3-chloro-4-methoxyben2ylamino)-5-[2-hy^ 
pyrazine; 

5 (S)-2-(2-hydroxymethyM-pyiTo!idinyl)-4^ 
midine; 

2-(5,6,7,84etrahydroimidazo[1,2-a]pyrazin-7-ylM-(3K:M 
nyl)methyl]-carbamoyl)pyrimidine; 
(S>2-[N-(2-morpholinoethyl)caroamoyl]-3-(3^ 
10 pyrazine; 

2-[N-(2-pyrimidinylmethyl)cato^ 
pyrazin-7-yl)pyrazine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3^^ 
dine; 

is (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-rnethoxybenzylam 
bamoyl]pyrimidine, 

or a pharmaceutically acceptable salt thereof. 

[0031] Among Ihe compounds (I) of the present invention, pharmaceutically more preferable compounds are com- 
20 pounds selected from the following group or a pharmaceutically acceptable salt thereof. 

(S)-2-(2-hydro>cymethyl-1 -pyrrolta^^ 
pyrimidine; 

(S)-2-(2-hydroxymethyM-pyiTolidinyl)-4-(3-c^^ 
25 pyrimidine; 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)car- 
bamoyl]pyrimidine; 
* 2-(4-formyl-1-piperazinyl)-4-(3-chloro^ 
midine; 

30 2-(5,6,7,84etrahydroimidazo[1,2-a)pyrazin-7-yl)-4-(3^ 
carbarnoyl)pyrimidine; 

2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl) 
carbamoy l]pyrimidine ; 

2-(5,6,7,84etrahydro-1,7-naphthyridin-7-yl)^^^ 
35 bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyirolidinyl)-4-(3^ 
pyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3^ 
. pyrazine; 

40 (S)-2-(2-hydroxymethyM-pyn'olidiny 
dine; 

(S)-2-(2-hydroxymethyM-pyrTolidinylM^ 
bamoyljpyrimidine, 

-*5 or a pharmaceutically acceptable salt thereof. 

[0032] Among the compounds (I) of the present invention, pharmaceutically preferable other compounds are com- 
pounds selected from the following group or a pharmaceutically acceptable salt thereof. 

(S)-2-(2-hydroxymethyM-pyrTolidinylH^ 
50 pyrimidine; 

(S)-2-(2-hydroxymethyl-1 -pyrrolid^ 
pyrimidine; 

2-(5,6,7,8-tetrahydroimidazo[1,2-a]pyrazin-7-y^ 
carbamoyl]pyrimidine ; 

55 2-(5 t 6 f 7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro-4-methoxyb nzylamino)-5-[N-(2-morpholino thyl)car- 

bamoyl]pyrimidin ; 

(S)-2-(2-hydroxymethyl-1-pyrTolidinyl)^ 
pyrimidine; 



11 



BNSOOCID: <EP 



1219609A1 I > 



EP 1219 609 A1 

(S)-2-[N-(2-pyrimidinylmethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymeth 

5 (sIST-hydroxymethyl-l .pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1 ,3,5-trimethyl-4-pyrazolyl)car- 

bamoyl]pyrimidine, or a pharmaceutical^ acceptable salt thereof. 

[0033] Among the compounds (I) of the present invention,' especially pharmaceutical^ preferable compounds are 
compounds selected from the following group or a pharmaceutical^ acceptable salt thereof. 

W • (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3<hloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)cam 

. pyrimidine or a pharmaceutical^ acceptable salt thereof, 2-(5,6,7,8-tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro- 
4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)carbamoyl]pyrimidine, or a pharmaceutical^ acceptable salt 
thereof; and further (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1 ,3,5-trime- 

'15 thyl-4-pyrazolyl)carbamoyl)pyrimidine, or a pharmaceutical^ acceptable salt thereof. 

r00341 When the compound (I) of the present invention or a pharmaceutical^ acceptable salt thereof has an asym- 
metric carbon atom at Ring A , R 1 and/or R*, it may exist in the form of an optically active isomer thereof owing to said 
asymmetric carbon atom ihereof. and the present invention also includes these optical isomers and a m.xture thereof 
20 r00351 The compound (I) of the present invention or a pharmaceutical^ acceptable salt thereof exhibits an excellent 
selective PDE V inhibitory activity but substantially shows few side effects such as color sense disorder and hence, .t 
can be used in the prophylaxis or treatment of penile erectile dysfunction. 

r0036] The present compound (I) can clinically be used either in the free form or in the form of a pharmaceutcally 
acceptable salt thereof. The pharmaccutically acceptable salt of the compound (I) includes a salt with an inorganic 
25 acid such as hydrochloride, sulfate, nitrate or hydrobromide, or a salt with an organic acid such as acetate, fumarate, 
oxalate, citrate, methanesulfonate, benzenesulfonate, tosylate, or maleate. 

[0037] The present compound (I) or a salt thereof includes either intramolecular salt or an addrt.ve thereof, and 

solvates or hydrates thereof . , ... ,u„,^oik. ~r 

[0038] The present compound (I) or a pharmaceutical^ acceptable salt thereof.can be adm.n.stered either orally or 
30 parenteral and can be formulated into a conventional pharmaceutical preparation such as tablets, granules, fine 
granules pills capsules, powders, injections, inhalants, buccal preparation, sublingual tablets, syrups, dry syrups, 
fellys suppositories, ointments, elixirs, liniments, lotions, drinks, nasal drops, percutaneous preparations and rapidly- 
disintegrating tablets in oral cavity, etc. These pharmaceutical preparations may be prepared by formulating with a 
pharmaceutical^ acceptable additive such as excipient, binder, wetting agent, disintegrator, thickening agent, etc., by 

35 a conventional method. «_„.,.,«„, 
r0039] The dose of the compound (I) of the present invention or a pharmaceutically acceptable salt thereof may vary 
in accordance with the administration routes, and the ages, weights and conditions of the patients. For example, when 
administered in an injection preparation, it is usually in the range of about 0.001 -1 00 mg/kg/day, preferably in the range 
of about 0.1-10 mg/kg/day. When administered in an oral preparation, it is usually in the range of about 0.1-200 mg/ 

40 kg/day, preferably in the range of about 0.1 -80 mg/kg/day. „ , , , „„ 

[0040] Concomitantly, since the compound (I) of the present invention or a pharmaceut.cally acceptable salt thereof 
exhibits an excellent selective PDE V inhibitory activity, it also may be useful in the prophylaxis ortreatment of d.seases 
caused by a functional disorder of cGMP-signaling, such as pulmonary hypertension, diabetic gastroparesis, hyper- 
tension angina pectoris, myocardial infarction, chronic or acute heart failure, female sexual dysfunction prostatic hy- 

-.5 perplasia, asthma, diarrhea, constipation and achalasia in addition to the above-mentioned erectrile dysfunction. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0041] The compounds (I) of the present invention may be prepared by the following Processes A to F. 

so 

Process A 

[0042] Among the compounds (I) of the present invention, the compound of the formula (I) wherein R' is a group of 
th formula: -NH-Q-R 3 or -NH-R* i.e., the compound of the formula (l-a): 

55 
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( A N^N_ NH _ CH R 2 



R 11 



io (wherein R 11 is a group of the formula: -NH-Q-R 3 or -NH-R 4 , and the other symbols are as defined above) can be 
prepared by 

reacting a compound of the formula (II): 



y JL 

Y "Z^C00R 5 

20 wherein X 1 is a halogen atom, R 5 is a protecting group for carboxyi group, R 5 is substituted or unsubstituted lower 
alkyl group or a substituted or unsubstituted aryl group, and the other symbols are as defined above, 
with a compound of the formula (III): 



25 



R 2 -CH 2 -NH 2 (Ml) 



wherein the symbols are as defined above, 

oxidizing the resulting compound of the formula (IV): 



30 



R 9 S 



35 



40 



"S^COOR 5 



(TV) 



wherein the symbols are as defined above, 
. to give a sulfonyl (or sulfinyl) compound of the formula (V): 



45 



R 9 SO n ^ N,. NH-CH 2 -R 2 
^Z^COOR 5 



wherein n is 1 or 2, and the other symbols are as defined above, 

reacting the compound (V) with a compound of the formula (VI): 



50 



0 



N— H (VI) 

55 wherein the symbol is as defin d abov , or a salt th r of , to give a compound of th formula (VII): 
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tANv>N. NH-CH 2 -R 2 

(vii) 

^Z^COOR 5 

10 



N <V" NH-CH 2 -R : 



,5 Y^,<^ 



(VIII) 

COOH 



wherein the symbols are as defined above, and 

followed by reading the compound (VIII) with a compound of the formula (IX-a). 



20 



r".h ,k * 



pound of the formula (X): 



30 (A N^/N^^MH-CHa-R' 

^z^cox 2 

35 wherein X* is a halogen atom, and the other symbols are as defined above, and followed by reacting the compound 



(X) with the compound (IX-a). 

[0044] In addition, the above compound (VII) can also be prepared by 
treating a dihalogeno compound of the formula (XI): 



40 

(XI) 



Vy 3 



45 



wherein X* and X* are a halogen atom, and the other symbols are as defined above, 

with carbon dioxide, rvnv 
protecting the carooxyl group of the resulting compound of the formula (XII), 

50 

Y ^Z^COOH 

55 

wherein th symbols are as d fined above, 
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T f Paii) 



Y ^Z^XOOR 5 

wherein the symbols are as defined above, 
10 reacting the compound (XIII) with the compound (III) to give a compound of the formula (XIV): 



x3 *Y N< 5r~ nh * ch 2- r2 

^Z^COOR 5 

wherein the symbols are as defined above, and 
-o followed by reacting the compound (XIV) with the compound (V!). 

[0045] Further, the above compound (XIV) can also be prepared by subjecting the compound (V) to hydrolysis, 
followed by halogenating the resulting compound of the formula (XV): 



2s HdY N ^NH-CH 2 -R 



2 



*C™s (XV) 



Yv *Z*^COOR s 

30 wherein the symbols are as defined above. 
Process B 

[0046] Among the compounds (I) of the present invention, the compound of the formula (I) wherein R 1 is a substituted 
35 or unsubstituted lower alkyl group, i.e., the compound of the formula (l-b): 



Q^N^ NH-CH2-R 2 



**s (wherein R 1 ^ is a substituted or unsubstituted lower alkyl group, and the other symbols are as defined above) can be 
prepared by : 

oxidising a compound of the formula (XVI): 



so 



R 9 S^- N^. NH-CH2-R 2 

« (XVI) 
^Z^CH 2 OH 



55 

wherein trie symbols are as defined above, which is obtained by reduction of th compound (IV), to give a compound 
of the formula (XVII): 
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R 9 S>^N^ N h-CH2-R 2 
Y ^2^CHO 



PCVII) 



10 



15 



20 



25 



wherein the symbols are as defined above, 

further oxidizing the compound (XVII) to give a compound of the formula (XVIII): 



R 9 SOn^ N ^p.NH-CH 2 -R 2 



(XVIII) 



Z ^CHO 



wherein the symbols are as defined above, 

reacting the compound (XVIII) with the compound (VI) to give a compound of the formula (XIX): 



(^Aj*K^ NH-CH 2 -R 2 



Y ^Z CHO 



(XIX) 



wherein the symbols are as defined above, 

reacting the compound (XIX) with a metal salt of a compound of the formula (IX-b): 



30 



R 12 -H 



(IX-b) 



wherein R 12 is as defined above, to give a compound of the formula (XX): 



35 



40 




(XX) 



wherein the symbols are as defined above, 

followed by oxidizing the compound (XX). 
45 [0047] In addition, among the compounds (I) of the present invention, the compound of the formula (I) wherein a 
group R 1 is a lower alkoxy-substituted ethyl group, a morpholino-substituted ethyl group, a 4-lower alkylpiperazinyl 
group-substituted ethyl group, a 3-pyridylamino-substituted ethyl group, a 2-pyridyl-lower alkylamino group-substituted 
ethyl group, a di-lower alkylaminoethyl group or a hydroxyethyl group, i.e., the compound of the formula (l-c): 



50 



55 



NH-CH 2 -R Z 




(I-c) 
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10 



15 



20 



30 



45 



50 



wherein R 6 is a lower alkoxy group, a morpholino group, a 4-lower alkylpiperazinyl group, a 3-pyridylamino group, a 
2-pyrimidyl-lower alkylamino group, a di-lower alkylamino group or a hydroxy group, and the other symbols are as 
defined above, 

can be prepared by reacting the compound (XIX) with a Grignard compound of the formula: 

CH 2 =CHMgBr (XXI) 

to give a compound of the formula (XXII): 



f A N ^ NH-CH r R 2 

Y^ z J^ Y OH (XXII) 



wherein the symbols are as defined above, 

oxidizing the compound (XXII) to give a compound of the formula (XXIII): 



25 



(^^K^ NH-CH2-R 2 

(XXIII) 



wherein the symbols are as defined above, 
35 followed by reacting the compound (XXIII) with a compound of the formula (XXIV): 



R 6 -H (XXIV) 



40 wherein R 6 is as defined above. 
Process C 



[0048] The compound (l-a) can be prepared by 
reacting a compound of the tormula (XXV): 



r 9 s^n 

'Z v "COOH 



Y N y NH-CH r R 2 



55 



wherein the symbols are as defined above, which is obtained by removing the protecting group R 5 for a carboxyl 
group of the compound (IV), with the compound (IX-a) to giv a compound of the formula (XXVI-a): 
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R S ^ -N^MH-CHrR 2 



R 1 

wherein the symbols are as defined above, ' 
»o oxidizing the compound (XXVI-a) to give a compound of the formula (XXVIl-a): 



R 9 SO n ^N^ N H-CH r R 2 



Y^^yP (XXVII-a) 

20 wherein the symbols are as defined above, 

followed by reacting the compound (XXVII-a) with the compound (VI). 

Process D 

25 [0049] The compound (l b) can be prepared by 
oxidizing a compound of the formula (XXVIII): 

r 9 S^ N NH-CH2-R 2 
30 J\ T ^ (XXVIII) 

R 12 

35 wherein the symbols are as defined above, which is obtained by reacting the compound (XVII) with a metal salt of the 
compound (IX-b), to give a compound of the formula (XXVI-b): 

■» R 9 S^N^-NH-CH 2 -R 2 

II I ^ (XXVI-b) 



R 12 



45. 



wherein the symbols are as denned above, 

further oxidizing the compound (XXVI-b) to give a compound of the formula (XXVIl-b). 

so 

R 9 SO n ^ NH-CH2-R 2 

II [ ^ (XXVII-b) 

R 12 

wherein the symbols are as defined above, 
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followed by reacting the compound (XXVII-b) with th compound (VI). 
Process E 

5 [0050] The compound (l-b) can be prepared by 
oxidizing a compound of the formula (XXX): 



w 



15 



20 



25 



30 



35 



50 



55 



II 




Y^v^OH (XXX) 
R 12 

wherein the symbols are as defined above, which is obtained by reacting the dihalogeno compound (XI) with a com- 
pound of the formula (XXIX): 

R 12 -CHO (XXIX) 
wherein R 12 is as defined above, to give a compound of the formula (XXXI): 



R 12 



wherein the symbols are as defined above, 

reacting the compound (XXXI) with the compound (III) to give a compound of the formula (XXXII): 



X 3 ^ N,. NH-CHz-R 



Ys z AyO (XXXII) 



40 A12 



wherein the symbols are as defined above, 

followed by reacting the compound (XXXII) with the compound (VI). 
45 [0051] The.above compound (XXXII) can also be prepared by reacting the compound (XXX) with the compound (III) 
to give a compound of the formula (XXXIII): 



X 3 ^N^^NH.CH 2 -R 2 



Y^ z ^k r OH (XXXIII) 
R 12 



wherein the symbols are as d fin d above, 

follow d by oxidizing the compound (XXXIII). 
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Process F 

[0052] The compound (l-a) can be prepared by 

reacting the compound (XIII) with a compound of the formula (XXXIV): 

5 

RSH (XXXIV) 

wherein R is a.substituted or unsubstituted lower alkyl group or a substituted or unsubstituted aryl group, to give a 
w compound of the formula (XXXV): 

X 3 ^N SR 

wherein the symbols are as defined above, r «««..ia 
reacting the compound (XXXV) with the compound (VI) or a salt thereof to g.ve a compound of the formula 

20 (XXXVI): 



_ SR 
N Z COOR 5 



30 wherein the symbols are as defined above, 

removing the protecting group for a carboxyl group of the compound (XXXVI) to give a compound of the 

formula (XXXVII): 

35 f 

.SR 



pcxxvii) 

Z" ^COOH 

40 

wherein the symbols are as defined above, . , ¥¥Y1YV 

reacting the compound (XXXVII) with the compound (IX-a) to give a compound of the formula (XXXIX). 

(Tn^n^-sr 



Z COR 

wherein the symbols are as defined above, 

subjecting the compound (XXXIX) to oxidation to give a sulfonyl or sulfinyl compound, 

followed by reacting the resultant with the compound (III). 
[0053] The above Processes A to F can be carried out as follows. 

55 

Process A 

[0054] The reaction of the compound (II) with the compound (III) is carried out in the presence or absence of an acid 
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scavenger in a solvent. The acid scavenger includes, for example, an organic base such as N.N-diisopropylethylamine, 
N-methylmorpholine, triethylamine, pyridine, etc., and an inorganic base such as sodium hydride, sodium carbonate, 
potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvents which do not disturb the 
reaction, for example, dimethylsulfoxide, tetrahydrofuran, toluene, ethyl acetate, chloroform, dimethoxyethane, xylene, 
5 N.N-dimethylformamide, etc. The reaction is carried out at a temperature of from -1 0°C to room temperature, preferably 
at a temperature of from 0°C to room temperature. 

[0055] The reaction of oxidizing the compound (IV) to give the sulfonyl (or sulfinyl) compound (V) is carried out in 
the presence of an oxidizing agent in a solvent/The oxidizing agent includes, for example, peracids such as m-chlo- 
roperbenzoic acid, peracetic acid, etc., and an inorganic oxidizing agent such as manganese dioxide, sodium periodate, 
w hydrogen peroxide, dinitrogen tetroxide, halogen, hydroperoxide, iodobenzene acetate, t-butyl hypochlorite, sulfuryl 
chloride, potassium peroxymonosulfate, etc. The solvent may be any solvent which does not disturb the reaction, for 
example, chloroform, methylene chloride, dichloroethane, acetic acid, etc. The reaction is carried out at a temperature 
of from -78°C to 50°C, preferably at a temperature of from -1 0°C to 10°C. 

[0056] The reaction of the compound (V) with the compound (VI) or a salt thereof can be carried out in the presence 
'5 or absence of an acid scavenger in a solvent. The acid scavenger includes, for example, an organic base such as N, 
N-diisopropylethylamine, N-methylmorpholine, triethylamine, pyridine, etc. : and an inorganic base such as sodium 
hydride, sodium carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The salt of the compound (VI) is 
preferably an alkali metal salt such as sodium salt, potassium salt, etc. The solvent may be any solvent which does 
not disturb the reaclion, for example, N,N-dimethylformamide, tetrahydrofuran, dimethoxyethane, dimethylsulfoxide, 
.20 etc. The reaction is carried out at a temperature of from 0°C to 15G°C, preferably at a temperature of from room 
temperature to 60°C. 

[0057] The reaction of removing the protecting group R 5 for a carboxyl group of the compound (VII) to give the 
compound (VIII) can be carried out by a conventional method such as hydrolysis, catalytic reduction . etc. which is 
selected according to the types of the protecting group for a carboxyl group to be removed. When a protecting group 

25 for a carboxyl group is removed by hydrolysis, the hydrolysis is carried out, for example, in the presence of a base in 
a solvent. The base is preferably, for example, an alkali metal hydroxide such as sodium hydroxide, potassium hydrox- 
ide, lithium hydroxide, etc., or an alkali metal carbonate such as sodium carbonate, potassium carbonate, etc. The 
.solvent may be water or a mixture of water and methanol, ethanol, tetrahydrofuran, dioxane, N,N-dimethyformamide, 
dimethylsulfoxide, etc. The reaction is carried out at a temperature of from 0 to 80°C, preferably at a temperature of 

30 from 5°C to 60°C. The protecting group for a carboxyl group represented by R 5 may be any conventional protecting 
group for a carboxyl group, such as a lower alkyl group, benzyl group, etc. 

[0058] The reaction of the compound (VIII) with the compound (IX-a) can be carried out in the presence or absence 
of a condensing agent, a base or an activating agent in a suitable solvent. The condensing agent includes, for example, 
dicyclohexylcarbodiimide, 1 -ethyl-3-(3-dimethylaminopropyl)carbodiimide, diphenylphosphoryl azide, diethylcyano- 

35 phosphonate, etc., which is usually used in the peptide synthesis. The base includes, for example, an organic base 
such as triethylamine, N-methymorpholine, etc., and the activating agent includes, for example, 1-hydroxybenzotria- 
zole, etc. The solvent may be any solvent which does not disturb the reaction, for example, methylene chloride, tet- 
rahydrofuran, N,N-dimethylformamide, acetonitrile, N,N-dimethylacetamide, ethyl acetate, etc. The reaction is carried 
out at a temperature of from -30°C to 50°C, preferably at a temperature of from -10°C to 10°C. 

40 [0059] The alternative process of converting the compound (VIII) into the compound (X), which is further reacted 
with the compound (IX-a) can be carried out by firstly reacting the compound (VIII) with a halogenating agent in the 
presence or absence of an activating agent by a conventional method, and reacting the resulting compound (X) with 
the compound (IX-a). The reaction of the compound (VIII) with a halogenating agent is carried out in a solvent. The 
halogenating agent is preferably thionyl chloride, oxalyl chloride, phosphorus pentachloride, etc. The activating agent 

45 js preferably. an amide compound such as N,N-dimethylformamide, etc. The solvent may be any solvent which does 
not disturb the reaction, for example, methylene chloride, chloroform, tetrahydrofuran, benzene, toluene, dioxane, etc. 
The reaction is carried out al a temperature of from -30°C to 1 00°C, preferably at a temperature of from -5°C to 1 0°C. 
[0060] The subsequent reaction with the compound (IX-a) is carried out in the presence of an acid scavenger in a 
solvent. The acid scavenger includes, for example, an organic base such as N, N-diisopropylethylamine, N-methylmor- 

so pholine, triethylamine, pyridine, dimethylaminopyridine, etc., and an inorganic base such as sodium hydride, sodium 
carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvent which does not 
disturb the reaction, for example, tetrahydrofuran, methylene chloride, chloroform, toluene, benzene, dioxane, ethyl 
acetate, etc. The reaction is carried out at a temperature of from -30°C to 100°C, preferably at a temperature of from 
-5°Cto10°C. 

55 [0061] The reaction of treating the dihalogeno compound (XI) with carbon dioxide to giv the compound (XII) can be 
carried out in the presence of a base in a solvent. The base includes, for xample, an alkali m tal salt of an organic 
base such as lithium diisopropylamide, lithium 2,2,6,6-tetramethylpiperidide, etc. The solvent may be any s Ivent which 
does not disturb the reaction, for example, tetrahydrofuran, 1 ,2-dimethoxyethane. diethyl ether, etc. The reaction is 
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^^^^^ 

'iZ° Th. reaction o. mo oontpottnd (XIII) with .he eompoond (Ill) to ante the compound (XIV, can be earned out in 
lo^toa^ 

E:SbHS^ 

Process B 

t^1.««™«*o~.W^ 

rn^rrrra^ 

l^neT^^ 

r^™rrc=r^^ - 

ox/ethane'etc The reaction may P^^^ the same 

r00721 The oxidation reaction of the compound (XX) to give me con JP""' u ' ' 1 . 

manner as in the reaction of obtaining (XVII) by oxidizing the C "J^™>- carrjed QUl jn a suitable solven t. The 

. ?s-=; c nSrrjr^ 

as in the teeetion ol obtaining the eontpoond (XVII) by oxidizing lbs ' dompoond XVI). 

[00751 Tbo roaobon o. ,bo compound (XXIII, ^ « ^^^T^," * r 7«tL ^lamino group 

prrroir:^^^ 
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mide. tetrahydrofuran, dimethoxyethane,.dimethylsulfoxide, etc. The reaction may preferably proceed at a temp rature 
of from 0°C to 150°C, preferably at a temperature of from room temperature to 60°C. 

[0076] On the other hand, the reaction of the compound (XXIII) with the compound (XXIV) wherein R6 is a hydroxy 
group or a lower alkoxy group to give the compound (XXI) wherein R 6 is a hydroxy group or a lower alkoxy group can 
5 be carried in the presence of an acid in a solvent or without a solvent. The acid includes, for example, an inorganic 
acid such as sulfuric acid, etc., or an organic acid such as methanesulfonic acid : camphorsulfonic acid, toluenesulfonic 
acid, benzenesulfonic acid, etc. The solvent may preferably be diethyl ether, toluene, benzene, N,N-dimethylforma- 
mide. dimethoxyethane, dimethylsuifoxide, etc. The reaction may preferably proceed at a temperature of from 0°C to 
150°C, preferably at a temperature of from room temperature to 60°C. 

10 

Process C 

[0077] The reaction of removing the protecting group R 5 for a carboxyl group of the compound (IV) to give the com- 
pound (XXV) can be carried out in the same manner as in the reaction of obtaining the compound (VIII) by removing 
is the protecting group R 5 for a.carboxyl group of the compound (VII). 

[0078] The reaction of the compound (XXV) with the compound (IX-a) to give the compound (XXVI-a) can be carried 
out in the same manner as in the reaction of the compound (VIII) with the compound (IX-a). 

[0079] The reaction of oxidizing the compound (XXVI-a) to give the compound (XXVII-1) can be carried out in the 
same manner as in the reaction of obtaining the compound (V) by oxidizing the above compound (IV). 
20 [0080] The reaction of the compound (XXVII-a) with the compound (VI) to give the compound (!*a) of the present 
invention can be carried out in the same manner as in the reaction of the compound (V) with the compound (VI). 

Process D 

25 [0081] The reaction of the compound (XVII) with a metal salt of the compound (IX-b) to give the compound (XXVIII) 
can be carried out in the same manner as in the reaction of the compound (XIX) with a metal salt of the compound (IX-b). 
[0082] The reaction of oxidizing the compound (XXVIII) to give the compound (XXVI-b) can be carried out in the 
same manner as in the reaction of obtaining the compound (XVII) by oxidizing the compound (XVI). 
[0083] The process wherein the compound (XXVI-b) is oxidized to give the compound (XXVII-b) which is further 

30 converted into the compound (l-b) of the present invention can be carried out in the same manner as in the process 
wherein the compound (XXVI-a) is oxidized to give the compound (XXVII-a) which is further converted into the com- 
pound (l-a) of the present invention. 

Process E 

35 

[0084] The reaction of the compound (XI) with the compound (XXIX) to give the compound (XXX) is carried out in 
the presence of a base in a suitable solvent. The base includes, for example, an alkali metal salt of an organic base 
such as lithium diisopropylamide, lithium 2,2, 6,6-tetramethylpiperidide. etc. The solvent may be any solvent which does 
not disturb the reaction, for example, tetrahydrofuran; 1 ,2-dimethoxyethane, diethyl ether, etc. The reaction is carried 
40 out at a temperature of from -100°C to -30°C, preferably at a temperature of from -100°C to -70°C. 

[0085] The reaction of oxidizing the compound (XXX) to give the compound (XXXI) can be carried out in the same 
manner as in the reaction of oxidizing the compound (XVI) to give the compound (XVII). 

[0086] The reaction of the compound (XXXI) with the compound (III) to give the compound (XXXII) can be carried 
out in the same, manner as in the reaction of the compound (II) with the compound (III). 
45 [0087] The reaction of the compound (XXXII) with the compound (VI) or a salt thereof to give the compound (l-b) of 
the present invention can be carried out in the same manner as in the reaction of the compound (V) with the compound 
(VI). 

[0088] The reaction of the compound (XXX) with the compound (III) to give the compound (XXXIII) can be carried 
out in the same manneras in the reaction of the compound (II) with the compound (III). Besides, the reaction of oxidizing 
so the compound (XXXIII) to give the compound (XXXII) can be carried out in the same manner as in the reaction of 
oxidizing the compound (XVI) to give the compound (XVII). 

Process F 

55 [0089] The reaction of the compound (XIII) with the compound (XXXIV) can be carried out in th presence or absence 
of an acid scavenger in a solvent. The acid scavenger includes, for exampl , an organic base such as N.N-diisopro- 
pylethylamine, N-methylmorpholine, triethylamine, pyridine, etc., or an inorganic base such as sodium hydride, sodium 
carbonate, potassium carbonate, sodium hydrogen carbonate, etc. The solvent may be any solvent which does not 
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disturb th reaction, for example, N,N-dim thylformamide, tetrahydrofuran. toluene, ethyl acetat , ^~to^eft- 
oxyethane. xylene, dimethylformamide, etc. The reaction is carried out at a temperature of from -10 C to room tern 
npratnre oreferablv at a temperature of from 0*C to room temperature. " ... 

[ST The Scion of the compound (XXXV) with the compound (VI) or a sa.t thereof can be carried out ,„ the same 
5 manner as in the reaction of the compound (V) with the compound (VI). . h 

[0091] The reaction of removing the protecting group R* for a carboxyl group of the compound 
compound (XXXVII) can be carried out in the same manner as in the reaction of removing the protect.ng group R for 
a carboxvl arouo of the compound (VII) to give the compound (VIII). 

[009^ The reaction of the compound (XXXVII) wrth the compound (IX-a) can be carried out ,n the same manner as 
10 in the reaction of the compound (VIII) with the compound (IX-a). 

0093] T e oxidation reaction of the compound (XXXIX) can be carried out in the same manner as t ^eaot.on of 
he compound (IV) to give the compound (V). The oxidating agent is preferably m-chloropert>enzo,c ac.d etc. The 
Sven^may be any sofvent which does not disturb the reaction, for example, chloroform^ methylene ch.onda d chlo- 
n£m!?Z«c ac!d, etc. The reaction is carried out at a temperature of from -78»C to 60-C. preferably at a temperature 

15 [00947 ' ThTsubleoient reaction with the compound (III) can be carried out in the same manner as in the reaction of 
the compound (II) and the compound (III). ( m. ^it >h 0 r 0 «t 

0095] The compound (1) thus obtained can be converted into a pharmaceutical* acceptable sa t thereof _ 
pSS The staring compound (I.) can be prepared, for example, according to the method d,sclosed .n Journal of 

20 ^^o^o^^^t^ invention wh.h can be prepared , b, .the above exemplified 
methods are illustrated below, but the present invention should not be construed to be l.m.ted thereto. 
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Example 1 



[0098] 

(1 ) To a solution of 4-chloro-5-ethoxycamony.-2-methy.thiopyrimidine (25.33 g) in N,N-dim^hylfoiTT«mide (85 ml) 
are added a solution of 3-chloro-4-methoxyben 2 y.amine (19.62 g) in N,N-d,methylformam,de (15 ml) and I tnethyl- 
amine M 6 7 ml) under ice-cooling The mixture is stirred at room temperature for 20 minutes, and thereto » added 
"h.ool4^ 

added said amine (940 mg). and the mixture is stirred for 1 5 minutes. The reaction m.xture ,s poured into a mixture 
of fee wa er and c trie acW and the mixture is extracted with ethyl acetate. The extract is washed successively 
with aT? S aqueous citric acid solution, water and brine, and dried over anhydrous sodium su. ate. The solvent 
^ evaporated under reduced pressure, and the residue is washed with n-hexane to give 4-(3-chloro-4-methoxy- 
benzvlamino)-5-ethoxycaibonyl-2-methyfthiopyrimidine (38.34 g), m.p. 86°C. _ 
?2) To" a'luion of the" compound (5.00 g) obtained in the above (1) in chloroform (50 ml) -s added a^.on of 
m^hloroperbenzoic acid (4.00 g) in chloroform (50 ml) under ice-cooling, and the m.xture is st.rred for 2 hour* 
Thl^eacttT Sure is washed with a saturated aqueous sodium hydrogen carbonate soluhon and bnne, and the 
IraaSyerTs dried over anhydrous sodium sulfate, and the solvent is evaporated under reduced pressure* 
g[vi ^ crude ^ (3-ch.oro-4-methbxyben 447 

IS Trie crude product obtained in the above (2) is dissolved in tetrahydrofuran (40 ml), and thereto is added a 
Sutton oa pro inol (1 .50 g) and triethy.amine (1 .60 g) in tetrahydrofuran (1 0 ml) at room temperature. The m.xture 
f • Sec Overnight and the reaction mixture is diluted with ethyl acetate, and washed with aqueous sod.um hy- 
drogen caToZe solution and brine. The organic layer is dried over anhydrous sodium f^^J^ 
Ts evaporated under reduced pressure. The residue is purified by silica gel column chromatography (solvent, chlo- 
^ Tnd c^llized from'a mixture of ether and n-hexane to give M**?"^ 
5-ethoxycart J onyl-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine(4.72 g), m.p. 88-90°C, MS (m/z). 421 (MH I 
f 4 f A £ of the compound (3.4 g) obtained in the above (3), a 10 % aqueous sodium hydrox.de solution (23 
mO a^emylsuLide (34 ml) is stirred at room temperature for 1 5 hours. The reaction mixture ,s poured mto 
T o % a ulcus citric acid solution, and the precipitates are crystallized from a mixture of tej-hydrofuran and 
ether to give (S)-4-(3^h.oro-4-methoxybenzylamino)-5^art,oxy-2-(2-hydroxymethyl-1-pyrrohd.ny.)p y nm,dme 

(2 52 q) mo 205-208°C, MS (m/z): 391 (M-H)\ 

5)Amxtur ofth compound (600 mg) obtained in the above (4). a-aminom.thy.pyrimidine (21 7 
y.aminopropyD-3-ethylcamodiimide hydrochloride (323 mg), 1-hydroxybenzotnazole monohydrate (227 mg) and 
rLimethytformam^e (1 2 ml) is stirred at room temperature for 8 hours, and the react.on m.xture .s poured mto 
aqueous sodium hydrogen carbonate solution. The mixture is extracted with ethyl acetate, washed w.th bnne. and 
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dried ov r anhydrous sodium sulfat . The solvent is evaporated under reduced pressure, and the residue is purified 
by silica gel column chromatography (solvent; chloroforrrvmethanol = 50:1) to give (S)-2-(2-hydroxymethyl-1-pyr- 
rolidinyl)^-(3-chloro-4-methoxybenzylamino)-54N-(2-pyrimidylmethyl)cailDamoyl]pyrimidine (610 mg), m.p. 
160-163°C. 

Example 2 

[0099] 

10 (1) To a suspension of lithium aluminum hydride (4.15 g) in tetrahydrofuran (150 ml) is added a solution of 2-meth- 

ylthio-4-(3-chloro-4-methoxyben2ylamino)-5-ethoxycarbonylpyrimidine (38.32 g) in tetrahydrofuran (100 ml) under 
ice-cooling at 5°C to 10°C over a period of one hour. After the addition, the ice bath is removed, and the reaction 
mixture is stirred at room temperature for one hour. To the reaction mixture is added water (4.15 ml) under ice- 
cooling, and thereto is further added 3N aqueous sodium hydroxide solution (4.15 ml). To the mixture is added 

is water (4.15 ml) three times, and the mixture is stirred at room temperature for one hour. The reaction mixture is 

treated with magnesium sulfate, and the solid precipitates obtained are filtered. The precipitates are washed with 
tetrahydrofuran. The filtrate and the washings are combined, and concentrated under reduced pressure, and trit- 
urated with a mixture of ethyl acetate and isopropyl ether. The resulting crystals are collected by filtration, and 
washed well with isopropyl ether to give 2-methyllhio-4-(3-chloro-4-methoxybenzylamino)-5-hydroxymethylpyri- 

20 midine as pale yellow crystalline powder. 

First production: yield; 25.10 g, m.p. 162-163°C 
Second production: yield; 2.32 g, m.p. 159-160°C 

In addition, the above solid precipitates are washed again with isopropyl ether, and the filtrate is concentrated 
under reduced pressure to give colorless crystals. The resulting solid is suspended in isopropyl ether, filtered, and 
the precipitates are washed well with isopropyl ether and hexane to give 2-methylthio-4-(3-chloro-4-methoxyben- 
zylamino)-5-hydroxymethylpyrimidine (4.26 g) as colorless crystals, m.p. 1 61 -1 62°C. 

(2) To a suspension of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-hydroxymethylpyrimidine (25.10 g) ob- 
tained in the above (1) in chloroform (150 ml) is added manganese dioxide powder (37.6 g), and the mixture is 
vigorously stirred at room temperature for one day. To the mixture is further added manganese dioxide powder 
(1 2.6 g. 0.5 time amount of the starting compound), and the mixture is stirred for three days. The insoluble materials 
are quickly removed by filtration on celite, and the filtrate is concentrated under reduced pressure. The residue is 
suspended in a mixture of ethyl acetate and isopropyl ether. The precipitates are filtered, and washed successively 
with isopropyl ether and hexane to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-fomnylpyrimidine 
(22.43 g) as colorless crystals, m.p. 124-125°C. 

(3) A solution of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-formylpyrimtdine (2.057 g) in chloroform (20 
ml) is treated with m-chloroperbenzoic acid (80 %, 1.468 g) at 0°C for 30 minutes. To the reaction mixture are is 
added L-prolinol (0.901 g), and then triethylamine (1 .33 ml), and the mixture is reacted at 0°C for one hour. The 
reaction mixture is warmed to room temperature, and diluted with ethyl acetate. The mixture is washed successively 
with a saturated aqueous sodium hydrogen carbonate solution, water and a saturated sodium chloride solution, 
and dried over anhydrous sodium sulfate. The precipitates are removed by filtration through a silica plug. The 
filtrate is concentrated under reduced pressure to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-meth- 
oxybenzylamino)-5-formylpyrimidine (1.9990 g) as colorless amorphous, MS (m/z): 377 (MH + ). 

(4) To a solution of (S)-2-(2-hydroxymethyl-1-pyn-olidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-fomiylpyrimidine 
(91 .0 mg) in tetrahydrofuran (20 ml) is added 1.10 M solution of methyl lithium in ether (1 .1 ml) at -78°C, and the 
mixture is reacted for 1 0 minutes, and thereto is added aqueous sodium hydrogen carbonate solution. The reaction 
mixture is extracted with ethyl acetate to give crude (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxy- 
benzylamino)-5-(1-hydroxyethyl)pyrimidine, MS (m/z): 393 (MH+). 

(5) The crude product obtained in the above (4) is treated with manganese dioxide (0.5 g) at room temperature, 
and the mixture is stirred overnight. The reaction mixture is heated under reflux for 5 hours, and the insoluble 
materials arc removed by filtration. The filtrate is concentrated under reduced pressure, and purified by silica gel 
column chromatography (solvent; chloroform :ethyl acetate = 3:1) to give (S)-(2-hydroxymethyl-1 -pyrrolidinyl)- 
4-(3-chloro-4-methoxybenzylamino)-5-acetylpyrimidine (56.7 mg) as colorless oil, MS (m/z): 391 (Mhh). 
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Example 3 



[0100] 



5 (1 ) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-foimylpyrimidine 

(84 mg) in tetrahydrofuran (about 1 ml) is added dropwise a 1 OM solution of vinyl magnesium bromide in tetrahy- 
drofuran in a dry ice-acetone bath. The reaction mixture is stirred at -78»C for 10 minutes, and stirred at room 
temperature for 1 0 minutes. The reaction mixture is poured into a mixture of ice and a saturated aqueous sodium 
hydrogen carbonate solution, and the mixture is extracted with ethyl acetate. The organic layer is washed succes- 

io sively with water and brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure. 

The obtained crude product is subjected to preparative thin layer chromatography (solvent; ethyl acetate: 
methanol = 20:1 ) to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1 -hydroxy- 
2-propen-1 -yl)pyrimidine (30 mg) as colorless oil, MS (m/z): 405 (MH+). 

(2) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1-hydroxy- 
15 2-propen-1 -yl)pyrimidine (1 44 mg) in chloroform (2.5 ml) is added manganese dioxide (432 mg), and the mixture 

is vigorously stirred at room temperature for three days. The insoluble materials are removed by filtration on cel.te, 
and the filtrate is concentrated under reduced pressure to give pale yellow oil (1 24 mg). The resulting crude product 
is purified by silica gel column chromatography (silica gel 20 g, solvent; chloroform :ethyl acetate = 2:1 ) to give (S)- 
2-(2-hydroxymelhyl-1-pyrrolidinyl)^-(3-chloro-4-methoxybenzylamino)-5-(acryioyl)pyrimidine (90 mg) as color- 

20 less crystals, m.p. 113-115°C, MS (m/z): 403 (MH 1 ). lv 

(3) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(acryloyl)pyr.mi- 

dine (72 mg) in ethanol (2 ml) is added morpholine (78 ul) at room temperature, and the mixture is stirred at room 
temperature for 40 minutes. The reaction mixture is concentrated under reduced pressure, and the residue is 
poured into water, and the mixture is extracted with ethyl acetate. The organic layer is washed successively with 
25 water and brine, dried over anhydrous magnesium sulfate, and concentrated to dryness under reduced pressure 

to give (S)-2-(2-hydroxymethyl-1 -py rTO lidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-morpholinoethyl)carbon- 

yl]-pyrimidine (91 mg). 

' [0101] The obtained crude product is dissolved in ethyl acetate (10 ml), and the solution is treated with a saturated 
30 solution of hydrochloric acid in methanol (5 ml), and concentrated under reduced pressure. To the residue is added 
ethyl acetate, and the mixture is filtered. The resulting solid is washed well with hexane to give (S)-2-(2-hydroxymethyl- 
1 - py rrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[(2-morpholinoethyl)carbonyl]pyrimidine d.hydrochlonde (65 

mg), MS (m/z): 490 (MH + ). 
35 Example 4 
[0102] 

(1) To a solution of 4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonyl-2-methylthiopyrimidine (972 mg) ob- 
40 tained in the above Example 1 -(1 ) in chloroform (8 ml) is added a solution of m-chloroperbenzoic acid (80 %, 598 

mg) in chloroform (10 ml) under ice-cooling over a period of 30 minutes. The reaction mixture is stirred under ice- 
cooling for one hour. The reaction mixture is diluted with a saturated aqueous sodium hydrogen carbonate solution , 
and the chloroform layer is collected, washed successively with a saturated aqueous sodium hydrogen carbonate 
solution water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and con- 
45 centrated under reduced pressure to quantitatively give 2-methylsulfinyl-4-(3-chloro-4-methoxybenzylam.no)- 

5-ethoxycarbonylpyrimidine as colorless caramels, MS (m/z): 384 (MH-*). 

(2) To a solution of 2-methylsulfinyl-4-(3-chloro-4-methoxybenzylamino)-5-elhoxycarbonylpyrimidme (whol 
amount) obtained in the above (1 ) in tetrahydrofuran (6 ml) is added dropwise a 2N aqueous sodium hydrox.d 
solution (1 32 ml) under ice-cooling over a period of 2 minutes. The reaction mixture is stirred under ice-cool.ng 

so for 30 minutes, and thereto are added tetrahydrofuran (8 ml) and N,N-dimethylacetamide (6 ml). The reaction 

mixture is stirred under ice-cooling for 30 minutes, and thereto are added water (5 ml) and N,N-dimethylacetam.de 
(2 ml) and stirred under icceooling for one hour. The reaction mixture is acidified with a 10 % aqueous citnc acid 
solution diluted with water, and extracted twice with ethyl acetate. The extracts are combined, washed with water 
and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and concentrated under 

55 reduced pressur . The residue is separated by silica gel column chromatography (silica gel: 20 g, solvent; chlo- 

roform: ethyl acetat = 5:1 chloroform:isopropanol = 30:1 ) to give 2-hydroxy-4-(3-chloro-4-methoxybenzylami- 
no)-5-ethoxycarbonylpyrimidine (61 8 mg) as slightly yellow crystalline powder, m.p. 1 95-197°C. 

(3) A mixture of 2-hydroxy-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (500 mg) obtained in 
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the above (2), diethylaminobenzene (2 ml) and phosphorus oxychloride (4 ml) is stirred at 80°C for 30 minutes, 
and stirred at 100°C for 5 hours. After cooling, the reaction solution is poured into ice-water, and the mixture is 
stirred at room temperature for 30 minutes. The resulting mixture is extracted with ethyl acetate, and the organic 
layer is washed with water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, 
5 and concentrated under reduced pressure. The residue is purified by silica gel column chromatography (silica gel: 

7 g, solvent; chloroform) to give 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (375 
mg) as slightly yellow crystalline powder, m.p. 114-115°, MS (m/z): 356 (MH+). 

(4) A mixture of 2-chloro-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (285 mg) obtained in 
the above (3), 5,6,7,8-tetrahydroimidazoll ,2-a)pyrazine (1 97 mg), triethylamine (0.22 ml) and chloroform (3 ml) is 

10 stirred at room temperature for 2.5 hours, and stirred at 60°C for 2.5 hours. The reaction mixture is diluted with 

ethyl acetate, and washed with water. The aqueous layer is extracted with ethyl acetate, and the organic layer is 
washed with water and a saturated aqueous sodium chloride solution, dried over anhydrous sodium sulfate, and 
concentrated under reduced pressure. The residue is purified by silica gel column chromatography (silica gel: 10 
g, solvent; chloroform:methanol = 50: 1 ), and concentrated under reduced pressure. The resultant is triturated with 

15 isopropyl ether to give 2-(5,6,7,8-tetrahydroimidazol1 ,2-ajpyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)- 

5-ethoxycarbonylpyrimidine (290 mg) as colorless crystalline powder, m.p. 179-182°C, MS (m/z): 443 (MH + ). . 

(5) A suspension of 2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl) : 4-(3-chloro-4-methoxybenzylamino)-5-ethox- 
ycarbonylpyrimidine (290 mg) obtained in the above (4) and 2N aqueous sodium hydroxide solution (1 .64 ml) in 
a mixture of dimethylsulfoxide (5 ml) and water (1 ml) is stirred al room temperature for one hour. To the mixture 

20 is added tetrahydrofuran (5 ml), and the mixture is stirred at room temperature for 13 hours. Teirahydroruran is 

evaporated under reduced pressure, and the resulting solution is diluted with water, and neutralized with a 10 % 
aqueous citric acid solution. The precipitates are collected by filtration, washed with water, methanol and isopropyl 
ether to give 2-(5,6,7 J 8-tetrahydroimidazo[1 i2-a]pyrazin-7-yl) : 4-(3-chloro-4-methoxybenzylamino)-5-carboxypyri- 
midine (187 mg) as colorless crystalline powder, m.p. 223-226°C (decomposed), MS (m/z): 413 (M-H)\ 

25 . (6) A mixture of 2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-carbox- 

ypyrimidine (60 mg), 4-methyl-2-aminomethylmorpholine (22.7 mg), 1 -(3-dimethylaminopropyl)-3-ethylcarbodiim- 
ide hydrochloride (30.6 mg), 1 -hydroxybenzotriazole (21.6 mg) and N,N-dimethylformamide (3 ml) is stirred at 
room temperature for 22 hours. Water is poured into the reaction mixture, and the mixture is extracted with ethyl 
acetate. The organic layer is washed successively with water, a saturated aqueous sodium hydrogen carbonate 

30 solution, water and brine, dried over anhydrous sodium sulfate, and concentrated under reduced pressure to give 

the colorless crystals (70.0 mg), which are further recrystallized from a mixture of chloroform and hexane to give 
2-(5,6,7,8-tetrahydroimidazo[1 ,2-a]-pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-[(4-methyl-2-mor- 
pholihyl)methyllcarbamoyllpyrimidine (51.7mg) as colorless needles, m.p. 132-134°C : MS (m/z): 527 (MH+). 

35 Examples 5-6 

[0103] The corresponding starting materials are treated in a similar manner as in Example 4-(6) to give the com- 
pounds as listed in the following Table 1 . 
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Table 1 



Ex. No. 


R l 


Pnysiocnemicai properties 


5 


H 


Powder 

MS(m/z):506 (MH*) 


6 


HOH'<^^N— 


Powder 

MS(m/2):512 (MH*) 



15 Example 7-21 

[0104] The corresponding starting materials are treated in a similar manner to give the compounds 
following Tabie 2. 
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Table 2 (No. 1) 



5 


Ex. No. 


0— 


R° 




Physiochemical 
properties 




7 


CO' 


CI 


v ' — ^ 


Amorphous 
MS(m/z):538(MFT) 


10 


8 




CI 


HN^^'UOMe 


Amorphous 
MS(m/z):526(MFT) 


IS 


9 


Co- 


CN 


VVS 


M.p.243-245^ 




10 


go- 


CN 


HN*/)"!IOH 


Aiutii pilUUa 

MS(m/z):500(MH*) 


20 


11 




CN 


H 


M.p.l29-132t: 


25 


12 




CI 


. / — ^ 

H 


M.p.l50-152 , C 




13 


<X OH 


CI 


TPS 


Powder (HC1) 
MS(m/z):483(MH*) 


30 


14 


cC OH 


CI 




Amorphous 
MS(m/z):484(MH*) 



35 



40 



45 



50 



BNSDOC!D:<EP i2i&609At I > 



29 



EP1 219 609 A1 



Table 2 (No. 2) 



10 



15 



20 



25 



30 



Ex. No. 


(an— 


R° 


R' 


Physicochemical 
properties 


15 


/ 1 OH 


CI 


H 


Caramel 

MS(m/z):505(MHn 


16 


o 


ci 




Amorphous 
MS(m/z):503(MH*) 


17 


< 1 OH 


CI 


H 


Amorphous j 
MS(m/z):484(MH*) 


18 


<nr oh 


CI 




Amorphous 
MS(m/z):484(MH*) 


19 


O^OH 


CI 


Tift 

N 

Ma 


Amorphous 
MS(m/z):505(MH*) 


20 


OHCN^V- 


ci 


HN»^2)"l|OH 


Foam 

MS(m/z):503(MH*) 


21 


y-OH 


CI 




Amorphous 
MS(m/z):514(MH*) 



35 Example 22 
[0105] 
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(1 ) To a solution of diisopropylamine (0.78 g) in tetrahydrofuran (40 ml) .s added dropwrse a 1 .6M so ution o n- 
butyl lithium in hexane (4.82 ml) in a dry ice-acetone bath over a period of 3 mmutes. The m.xture ,s «d«tt» 
same bath for 30 minutes. To the mixture is added dropwise a solution of 2,6-dichloropyraz.ne (0.50 g) m tetrahy- 
dXan (5 ml) at the same temperature over a period of 1 5 minutes, and the mixture is sfrred ' «* ™ 
reaction mixture is poured into dry ice, and the mixture is stirred at room temperature for one hour The eact.on 
mixture is diluted wtth a 10 % aqueous hydrochloric acid solution in order to adjust the pH value thereof to about 

2 and I the' extracted with ethyl acetate. The combined organic layers are extracted with a saturated aqueous 
sodTum hydrogen carbonate solution, and the aqueous extract is washed with ethyl acetate, ac.d.f.ed w.th a 1 0 k 
aqueous hydroch.oric acid, and extracted with ethy, aceta.e. The combined organic layer ,s washed w*h wate 
and a saturated aqueous sodium ch.oride solution, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure" The residue is triturated with a mixture of chloroform and hexane , <1 1) to g.ve ^carboxy- 

3 5-dichloropyrazine (234 mg) as a slightly brown crystalline powder, m.p. 139-141'C, MS (m/z): 191 (M-H) . 
|) A m S of 2-camoxy-3 S-dichloropyrazine (226 mg) obtained in the above (1). sodium 

1 8 mg) methy. iodide (0.5 ml) and N,N-dimethy.formamide (1 .8 ml) is stirred at room temperature for 1 4 hours^ 
Th mSu^ is diluted with a 10 % aqueous citric acid solution, and extracted with eth y. acetate Jhe combined 
organic layer is washed with water and a saturated aqueous sodium chloride solution, dned over anhydrous sod urn 
SI and cone ntrated und r reduc d pressure to giv 2-m thoxycarbony.-3,5-dichloropyrazme (245 mg) as 

pale brown crystalline powder, m.p. 60-63°C, MS (m/z): 206 (M+). mMtnm 

,3) A mixture of 2-methoxycamonyl-3,5-dichloropyrazine (234 mg) obtained .n the above (2), ^ 0 ^^: 
. benzylamine (204 mg), triethylamine (0.17 ml) and dry toluene (3 ml) is stirred at room temperature for 7 hours. 
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The r action mixture is diluted with a 10 % aqueous citric acid solution, and extracted with ethyl acetate. Th 
extract is washed with water and a saturated aqueous sodium chloride solution, dried over sodium sulfate, and 
concentrated under reduced pressure. The residue is separated and purified by silica gel column chromatography 
(silica gel: 5 g, solvent; hexane: chloroform = 1:1), and the desired f ractions are concentrated under reduced pres- 
sure to give 2-methoxycarbonyl-3-(3-chloro-4-methoxyben2ylamino)-5-chloropyra2ine (102 mg) as pale yellow 
crystalline powder, m.p. 149-151°C, MS (m/z): 342 (MH + ). 

(4) A mixture of 2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-chloropyra2ine (150 mg), 2-hy- 
droxymethylpyrrolidine (88.6 mg), and triethylamine (0.12 ml) in tetrahydrofuran (5 ml) is stirred at room temper- 
ature for 4 hours, and the mixture is heated at 50°C for 2 hours. To the mixture is added 2-hydroxymethylpyrrolidine 
(44.3 mg). and the mixture is stirred at 50°C for one hour. After cooling, water is added to the reaction mixture, 
and the mixture is extracted with ethyl acetate. The extract is washed with water and brine, dried over anhydrous 
sodium sulfate, and concentrated under reduced pressure. The resulting yellow oil is purified by silica gel column 
chromatography (solvent; chloroform:hexane = 1:1) to give (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxyben- 
zylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)-pyrazine (123 mg) as pale yellow powder, MS (m/z): 407 (MH + ). 

(5) To a solution of (S)-2-methoxycarbonyl-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl) 
pyrazine (775 mg) obtained in the above (4) in ethanol (8 ml) is added a 4N aqueous sodium hydroxide solution 
(1 .43 ml), and the mixture is stirred at room temperature for 24 hours. The reaction mixture is acidified with 10 % 
aqueous hydrochloric acid solution, and extracted with ethyl acetate. The organic layer is washed with water and 
brine, dried over anhydrous sodium sulfate, concentrated under reduced pressure, and washed with diisopropyl 

' alcohol to give (S)-2rcarboxy-3-(3-ch!oro-4-mGthoxybenzyiamino)-5-(2-hydfoxymethyi-1 -pyrrolidinyl)pyrazine 
(537 mg) as yellow crystals, m.p. 169-1 71°C, MS (m/z j: 391 (M-H)*. 

(6) A mixture of (S)-2-carboxy-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1 -pyrrolidinyl)pyrazine (80 
mg) obtained in the above (5), 2-aminomethylpyrimidine (26.7 mg), 1 ,2-dichloroethane (43 mg), 1 -hydroxybenzo- 
triazole (30.3 mg) in N,N-dimethylformamide (3 ml) is stirred at room temperature for 18 hours. Water is poured 
into the reaction mixture, and extracted with ethyl acetate. The extract is washed with water, a saturated aqueous 
sodium hydrogen carbonate solution, and brine, dried over anhydrous sodium sulfate, and concentrated under 
reduced pressure. The residue is purified by silica gel column chromatography (solvent; ethyl acetate) to give (S)- 
2-[N-(2-pyrimidinylmethyl)caroamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-(2-hydroxymethyl-1-pyrrolid 
pyrazine (87.6 mg) : MS (m/z): 484 (MH + ). 

Examples 23-24 

[0106] The corresponding starting materials are treated in a similar manner as in Example 22 to give the compounds 
as listed in the following Table 3. 
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Table 3 



Ex. No. 


0— 




Physicochemical 
properties 


23 




— NHCH 2 -<^ 


Amorphous 
MS(m/z):506(MH*) 


24 




H 


Amorphous 
MS(m/z):505(MH*) 
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Example 25 



[01071 A mixture of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(acryloyl)pyrimi- 
dine (31 mg) methanol (1 ml) and cone, sulfuric acid (one drop) is heated under reflux for 2 days. After the react.on 
is complete, the solvent is evaporated under reduced pressure, and the residue is separated by silica gel thin layer 
chromatography (solvent; chlorofomrmethanol = 30:1) to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro- 
4-methoxybenzylamino)-5-[(2-methoxyethyl)carbonyl]pyrimidine (27 mg) as colorless oil, MS (m/z): 435 (MH-). 



Example 26 

10 [01081 A solution of (S)-2-(2-hydroxymethyl-1 - P yrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinyl- 
methyl)carbamoyl]-pyrimidine (82.48 g) and benzenesulfonic acid monohydrate (60.06 g) in methanol (1000 ml) is 
concentrated, and recrystallized from a mixture of methanol and acetone to give (S)-2-(2-hydroxymethyl-1 -pyrrol.d.nyl)- 
4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)-carbamoyl]pyrimidine dibenzenesulfonate (121.8 g) 

15 as colorless crystals, m.p. 158.5-1 61. 5°C. 

Example 27 

[01091 Amixtureof(S)-4-(3K:hloro-4-methoxyben/ylamino)-5-carboxy-2-(2-hydroxymethyl-1-pyrrolidinyl)pyrimidine 
20 (100 mg) obtained in Example 1-(4), 4-amino-1 ,3,5-trimethylpyrazole (47.9 mg), 1-(3-dimethylaminopropyl)-3-ethyl- 
carbodiimide hydrochloride (58.7 mg), 1 -hydroxybenzotriazole monohydrate (41.3 mg), and N,N-dimethyl ormam.de 
(3 ml) is stirred at room temperature for 8 hours, and poured into aqueous sodium hydrogen carbonate solution. The 
mixture is extracted with ethyl acetate, and the organic layer is washed with water and saturated brine, and dried over 
anhydrous sodium sulfate. The solvent is evaporated under reduced pressure, and the residue is purified by silica gel 
25 column chromatography (solvent; chloroform methanol = 5: 1 ) to give (S)-2-(2-h V droxymethyl-1 -PV™^*^ 

ro-4-methoxybenzylamino)-5-[N-(1,3,5-trimethyl-4-pyrazolyl)carbamoyl]pyrimidine (115 mg), MS (m/z): 500 (MH ). 

Example 28 
30 [0110J 

(1) A solution of 4-chloro-5-ethoxycarbonyl-2-methylthiopyrimidine (5.0 g) in sulfuryl chloride (20 ml) is heated at 
50°C for one hour. The reaction mixture is concentrated, and thereto is poured a saturated aqueous sodium hy- 
drogen carbonate solution. The mixture is extracted with ethyl acetate, and the organic layer is washed with water 

35 and brine dried over sodium sulfate, and concentrated. The residue is purified by silica gel flash column chroma- 

tography (solvent; ethyl acetate = hexane = 1 :1 0) to quantitatively give 2,4-dichloro-5-ethoxycarbonylpynmid.ne 
(4.87 g) as yellow oil, MS (m/z). 220 (M + ). 

(2) To a solution of 2,4-dichloro-5-ethoxycarbonylpyrimidine (4.2 g) obtained in theabove (1 ) and mercaptobenzene 
(2 30 q) in toluene (40 ml) is added potassium carbonate (3.94 g) at 0°C, and the mixture is stirred at room tem- 

40 perature for one hour, stirred at 50°C for one hour, and further stirred at 100°C for 1 0 minutes. To the mixture is 

poured water, and the mixture is extracted with ethyl acetate. The organic layer is washed with bnne, dried over 
sodium sulfate, and concentrated. The residue is purified by silica gel flash column chromatography (solvent; ethyl 
acetate:hexane = 1 :20 methyl acetate: hexane = 1 :1 0) to give 2-chloro-4-phenylthio-5-ethoxycarbonylpynmid.ne 
(4.16 g) as colorless crystals, MS (m/z). 295 (MH-). 

45 (3) To a solution of 2-chloro-4-phenylthio-5-ethoxycarbonylpyrimidine (4.05 g) obtained in the above (2) in tetrahy- 

drofurarr(40 ml) are added L-prolinol (1 .66 g) and triethylamine (2.77 g), and the mixture is stirred at room tem- 
perature for 20 hours. Wafer is poured into the reaction mixture, and the mixture is extracted with elhyl acetate. 
The organic layer is washed with brine, dried over sodium sulfate, and concentrated under reduced pressure. The 
residue is purified by silica gel flash column chromatography (solvent; ethyl acetate:hexane = 1:2) to g.ve (S)- 

50 ■ 2-(2-hydroxymethyl-1 . p yrrolidinyl)^-phenylthio-5-ethoxycarbonylpyrimidine (4.16 g) as colorless v.scous oil, MS 

(m/z): 360 (MH*). . 

(4) To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-phenylthio-5-ethoxycarbonylpyr.m.dine (4.10 g) ob- 
tained in the above (3) in ethanoi (50 ml) is added a 4N aqueous sodium hydroxide solution (8.6 ml), and the 
mixture is stirred at room temperature for 15 hours. To the reaction solution is added a 10 % aqueous citric acid 

55 solution (30 ml) until the solution b comes weak acidic, and the mixtur is xtracted with ethyl acetate /The organic 

layer is washed with water and brine, dried over sodium sulfate, and concentrated to give (S)-2-(2-hydroxymethyl- 
1 -pyrrolidinyl)-4-phenylthio-5-carboxypyrimidine (3.65 g) as colorless crystals, MS (m/z): 330 (M-H)". 

(5) A mixture of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl) : 4-phenyl-thio-5-carboxypyrimidine (2.55 g) obtained in the 
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above (4), 2-aminomethylpyrimidine (1 .09 g), 1 ,2-dichloro than (1 .77 g) and 1 -hydroxybenzotriazol (1 .25 g) in 
N.N-dimethylfornnamide (40 ml) is stirred at room temperature for 16 hours. To the mixture is poured water, and 
the mixture is extracted with ethyl acetate. The organic layer is washed with water, a saturated aqueous sodium 
hydrogen carbonate solution and brine, dried over sodium sulfate, and concentrated to give pale yellow crystals 
5 (4.05 g), which is further purified by silica gel flash column chromatography (solvent; ethyl acetate) to give 2-(2-hy- 

droxyrnethyl : 1 -pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl]pyrimidine (2.39 g) as colorless crys- 
tals, m.p., 154-156°C, IR (Nujol): 1633 cm- 1 , MS (m/z): 423 (MH + ). 

(6) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyl)carbamoyl)pyrimi- 
dine (100 mg) obtained in the above (5) in chloroform (3 ml) is added m-chloroperbenzoic acid (70.1 mg) at 6°C, 

w and the mixture is stirred at 0°C for 30 minutes. To the mixture are added 3-chlorobenzylamine (50.3 mg) and 

triethylamine (48.0 mg) at 0°C, and the mixture is stirred at room temperature for 1 7 hours. To the mixture is poured 
water, and the mixture is extracted with chloroform. The organic layer is washed with brine, dried over sodium 
sulfate, and concentrated under reduced pressure to give yellow oil (169 mg), which is purified by silica gel flash 
column chromatography (solvent; ethyl acetate), and triturated with a mixture of ethyl acetate and hexane to give 

15 (S)-2-(2-hydroxymethyl-1-pyrrolidiny^ 

(95.3 mg) as colorless powder, m.p. 153-156°C, IR (Nujol): 3241 , 1637 cm" 1 , MS (m/z): 454 (MH + ). 

(7) To a solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-phenylthio-5-[N-(2-pyrimidylmethyi)carbamoyl]pyrimi- 
dine (100 mg) obtained in the above (5) in chloroform (3 ml) is added m-chloroperbenzoic acid (70 %, 70.1 mg) 
at 0°C, and the mixture is stirred al 0°C for 30 minutes. To the mixture are added 4-melhoxybenzylamine (48.8 

so mg) and triethylamine. (48.0 mg) at 0°C : and the mixture is stirred at room temperature for 20 minutes. To the 

mixture is poured water, and the mixture is extracted with chloroform, and the organic layer is washed with brine, 
dried over sodium sulfate, and concentrated to give a yellow oil (1 43 mg), which is purified by silica gel flash column 
chromatography (solvent; ethyl acetate) to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(4-methoxybenzylamino)- 
5-[N-(2-pyrimidylmcthyl)-carbamoyl]pyrimidine (88.2 mg) as colorless powder, IR (Neat): 3296, 1 633 cm* 1 , MS (m/ 

25 . Z ): 450 (MH + ). 

Example 29 
[0111] 

30 

(1) A solution of (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-ch^ 

(10.0 mg) in tetrahydrofuran (1 .0 ml) obtained in Example 2 (3) is treated with a 1.6M solution of n-butyl lithium in 
hexane (83 uJ) at -78°C for 3 minutes, and thereto is added an aqueous sodium hydrogen carbonate solution. The 
reaction mixture is extracted with ethyl acetate to give (S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-meth- 
35 oxybenzylamino)-5-(1-hydroxypentyl)pyrimidine (13.7 mg) as oil. 

(2) (S)-2-(2-Hydroxymethyl-1 -pyiTOlidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-(1 -hydroxypentyl)pyrimidine ob- 
tained in the above is treated with manganese dioxide (25 mg) at room temperature, and thereto is added gradually 
additional manganese dioxide (1 00 mg), and the mixture is stirred overnight. The reaction mixture is heated under 
reflux for 5 hours, and the insoluble materials are removed by filtration. The filtrate is concentrated under reduced 

40 pressure, and separated with preparative thin layer chromatography to give (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)- 

4-(3-chloro-4-methoxybenzylamino)-5-pentanoylpyrimidine (5.8 mg) as colorless oil, MS (m/z): 433 (MH+). 

Examples 30-83 

-*5 [01 1 2] The corresponding starting compounds are treated in a similar manner to give the compounds.as listed in the 
following Table 4. - 
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Table 4 (No. 1) 
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Ex. No. 


(an— 


R° 


R l 


Physicochemical 
properties 


10 


30 


0O- 


CI 


H 


M.p.210-214'C 




31 




CI 


HN^f ^ 
/ 


Amorphous 
MS(m/z):517(MH*) 


15 


32 




CI 




Amorphous 
MS(m/z):503(MH*) 


20 


33 




PI 




Amorphous 
MS(m/z):538(MFn 




34 


/t oh 


CI 


NH 2 


HC1 salt 

M.p.223-226*C 


25 


35 


cc oh 


CI 


NH 2 

" V M e 


Amorphous 
MS(m/z):513(MrT) 


30 


36 




CI 


HN*^)"l|OMe 


Amorphous 
MS(m/z):504(MH*) 


35 


37 




CI 


yvO. 


MS(m/z):524(MH*) 
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Table 4 (No. 2) 



5 




1 A Kl 


R° 


R l 


Physicochemical 
properties 


10 


38 


00- 

N 


CI 


•TV*) 

N 

Me 


Amorphous 
MS(m/z):524(M*T) 




39 \ 


cC 0H 


CI 


HN»^^"l|OH 


Foam 

MS(m/z):49Q(MFF) 


15 


40 


cC OH 

x 


CI 




Amorphous 


20 


41 


o 


ei 


\ / 


Amorphous 
MS(m/z):528(MH ) 


25 


42 






H 

— N /==\ 


Amorphous 
MS(m/z):500(MH') 


30 


43 


cC OH 


CI 


NMe 2 

J JO 


Amorphous 
MS(m/z):527(MH*) 




44 


cC OH 


CI 




Amorphous 


35 


HO 




i 




ivi.p. zz*J--ZZZ 


40 


46 


era 


NO a 


HlW"~V'l|0H 
\ f 


Amorphous . . 
MS(m/z):523(MH*) 


45 


47 




NO a 


/ — v. 

T^° 


M.p.iss-igot; 




48 


gC oh 


CI 


H 


Amorphous 
MS(m/z):518(MH*) 



50 



BNSDOCI0: <EP 1219609A1 I > 



35 



EP 1 219 609 A1 



Table 4 (No. 3) 



5 


Ex. No. 


(a^n — 


R° 


R l 


Physicochemical 
orooerties 


. 

10 


49 


oT OH 


CI 


^u-^-N NMe 


Amorphous . 
wS(m/2):WJlMn ) 




50 


O 


CI 




M.p.l79-183'C 


15 


51 




CI 


H 


Amorphous 
MS(m/z):518(MH*) 


20 


52 


OH 


CI 




Powder (HC1) 
MS(m/z):545(MH*) 


25 


53 


HO-' 


CI 


HN»^~^"l!OH 


Amorphous 
MS(m/2):520(MH*) 


30 


54 




CI 


H 1^ 


Powder (HC1) 
MS(m/2):537(MH*) 


35 


55 




CI 


H 


Amorphous 
MS(m/z):543(MH*) 




56 


Or™ 


CI 


HN»-^^"«|OH 


M.p.l81-183t: 


40 


57 


OHCN^N- 


CI 


H IP 


Powder (HC1) 
MS(m/z):496(MH*) 


45 


58 


cC OH 


CI 




M.p.l99-200 < C 


50 


59 


cC OH 


NQ 2 


HN*^^'i|OH 


M.p.209.5- 
211.5^ 
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Table 4 (No. 4) 
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Ex. No. 




R° 


R 1 


x oysicocnernicai 
properties 


10 


60 


Me N / N~ 


CI 




M.p.228-230.5 < C 




61 




CI 


HN»m£^.i||OH 


Amorphous 
MS(m/z):524(MH*) 


15 


62 


H 

-CO.. 

o 


CI 




Amorphous 
MS(m/z):522(MH*) 


20 


63 


C0 2 Me 


CI 




Amorphous 
MS(m/z):563(MH*) 


25 


64 


— N NH 


Ci 


HN*"^^'M|OH 


Amorphous 
MS(m / z) :489(MH*) 


30 


65 




CI 


* / — S. 

HN»-^)"IIOH 


Amorphous 
MS(m/z):520(MH*) 


35 


66 


/ — \ 


CI 




M.P.176-180X: 


40 


67 


0CC 0H 


CN 




Powder (HCl) 
MS(m/z):543(MrT) 




68 




CI 


HN»/)'il|OH 


M.p.l43-145 , C 


45 


69 




CI 


HN»»£)"IIOH 


Powder (HCl) 
MS(m/z):504(MH*) 


50' 


70 




CI 


HN»^^"||OH 
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Table 4 (No. 5) 
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Ex. No. 


0— 1 


R° 


R l 


Physicochemical 1 
properties I 


10 


71 


x __L 


CN 


^-z^ i 


Powder (HC1) ~ I 
M<5fm/zV474(MH*) 




72 


- > ' 


CI 


v*o 1 

H I 


Amorphous 
MS(m/z):519(MH*) J 


15 | 


73 


cf OH 


CN 




Powder (HC1) 
MS(m/z):481(MH*) 


20 


74 


O 1 


CI 


HN»»£)"l|OH I 


M.p.ll6-119\: 




75 


OHCN^N— 


CI 


V ' /■— \ i 


M.p.l59-16rC 


.25 I 


76 




CI 


\. / 


Powder (HC1) 


30 


77 


1 

Me0 2 C 


CI 




Amorphous | 
MS(m/z):563(MH*) 


35 


78 


J HO 






Powder (HC1) 1 
MS(m/z):497(MH*} 


40 


79 


h °-O i ~ 


CI 




M.p.2 10-214*0 




80 


HO—v 

O'- 


Cl 




M.p. 149-151. 5^C 


45 


81 


er 0 " 


NO a 


yt> 


j Amorphous j 
MS(m/z):495(MH*) 


50 


82 




Cl 




M.p.215t: | 




83 


HO Vn 

1 °W N " 


Cl 




M.p.lSl-152'C 
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Example 84-86 

[01 1 3] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in the 
following Table 5. 



cT 0 H « 

R 1 



15 



Table 5 
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30 



Ex. No. 


R 8 


R 1 


Physicochemical 
properties 


84 


^Q-OH 
CI 




Foam 

MS(m/z):470(MH*) 


85 


CI 




Powder 

MS(m/z):488(MH*) 


86 


F 




Powder 

MS(m/z):468(MfT) 



35 Example 87 

[0114] A mixture of (S)-2^arboxy-3-(3-chloro-4-methoxyben2ylamino)-5-(2-hydroxymethyl-1-pyrrolidinyl)pyra2ine 
(80 mg) obtained in Example 22 (5), 2-aminomethyl-4-methylmorpholine (31 .9 mg), 1 -ethyl-3-(3-dimethylaminopropyl) 
carbodiimide hydrochloride (43 mg), 1 -hydroxybenzotriazole (30.3 mg) in N,N-dimethylfomriamide (3 ml) is stirred at 

40 room temperature for 1 8 hours. To the reaction mixture is poured water, and the mixture is extracted with ethyl acetate. 
The extract is washed with water, a saturated aqueous sodium hydrogen carbonate solution and brine, dried over 
anhydrous sodium sulfate, and concentrated under reduced pressure. The residue is purified by silica gel flash column 
chromatography (solvent; ethyl acetate) to give (S)-2-lN-(4-methyl-2-morpholinyl)methylcarbamoylJ-3-(3-chloro- 
4-methoxybenzylamino)-5-(2-hydroxymethyl*1-pyrrolidinyl)pyra2ine (80.5 mg), MS (m/z): 505 (MH+), IR (Nujol): 3295, 

45 1635 cm* 1 . 



so 



Examples 88-91 

[01 1 5] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in th 
following Table 6. 
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10 




15 


Ex. No. 


0— 


R 1 


Physicochemical 
properties 




88 




HN»^)"l|0H 


M.p.l77-179t: 
MS(m/z):490(MH*) 


20 


89 




H 


M.p.l67-169*C 
MS(m/z):512(MH*) 


25 


90 




H 


M.p 140.5- 141. S^C 


30 


91 




^— NMe 


Amorphous 
MS(m/z):527(MH*) 



35 



Examples 92-145 

[01 16] The corresponding starting compounds are treated in a similar manner to give the compounds as listed in the 
following Table 7. 
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Table 7 (No. 1) 



5 


Ex. No. 






T>1_ - — — — * ^ « f 

Physicochernical 
properties 




92 




HN^"~ "VhIOH 


Powder 

MS(m/z):475(MH*) 


10 


93 






Powder 

MS(rn/z):509(MH*) | 


15 


94 




H 


Amorphous 

xvi in / z,) ,\j l ^ iivin j 


20 


95 


c 




14.0.150-152*0 


25 


96 




-KJQ 


M.p. 162- 163t 


30 


97 




- h.Vn 

CH 3 


Amorphous 
MS(m/2):486(MH*) 




98 




H "O 


Amorphous 
MS{m/z):484(MH*) 


35 


99 






Amorphous 
MS(m/z):483(MH*) 


40 


100 


? 




Amorphous 
MS(m/z):497(MH*) 



45 



50 
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Table 7 (No. 2) 



5 ' 


Ex. No. 


01— 




Physicochemical 
prop rties 


10 


101 






M.p. 148-150^ 


15 


102 




-MS 

CH 3 


Amorphous 
MS(m/z):512(MH*) 




103 




'V- 


M.p.210-213t 


20 


104 




H . 


m.p.iqs-iqs'c 


25 


105 






Amorphous 
MS(m/z):498(MH*) 


3° 


106 


<? 


-N^sO^OCHa 
H 


M.p.232-235^C 


35 


107 




H N 


M.p.QOT^OS'C 


40 


108 




H 

^ N Y^0CH 3 
0 


Amorphous 
MS(m/z):547(MH*) 


43 ' 


109 


cC OH 


h 3 c 


Amorphous 
MS(m/z):S01(MH*) 
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Table 7 (No. 3) 
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Ex. No. 


0— 


R l 


Physicochemical 
properties 


10 


110 






M.p.l72-173'C 




111 


r~\ u " 


h 


M.p.l45-14rC 


15 


1 12 




H O 

t ^ ^^^r ^^^^ 

CH 3 


Amorphous 
MS(m/z):497(MH*) 


20 


113 


/ \ W " 1 




M.p. 148-150^ 


25 


114 




N-N 

N S 
H 


M.p.217-219*C 


30 


115 






Amorphous 
ivio^rn/ zj .HoH^iviri j 




116 






Amorphous 
MS(m/z):514(MFT) 


05 


117 






Amorphous 
MS(m/z):568(MH*) 


40 


118 


HO 




M.p.217-220t: 


45 


119 


y-^OH 


o 

H HN-* 

CH 3 


M.p.212-214^: 
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Table 7 (No. 4) 



5 


Ex. No. 




R 1 


Phvsicochemical 
properties 


10 


120 




H 


/\mo rpno ua 
MS(m/z):514(MH*) 




121 


1 




Amorphous 
MS(m/z):488(MH') 


15 






H ^=N 


M.p.142-144^ 


20 


123 




CH 3 

H 


Amorphous 

MO|Iu/ Zf.f I ^(ivirr / 




124 


1 » 




Amorphous 
MS(m/z):497(MH*) 


30 


125 






M.p.l43-146^C 




126 






Amorphous 
MS(m/z):514(MH*) 


35 


127 






Amorphous 
MS(m/z):498(MH*) 


40 


128 


/ » 




Amorphous 
MS(m/z):513(MH*) 




129 






M.p.l01-103^C 


45 


130 


0^ 




M.p.215-217^C 
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Table 7 (No. 5) 



5 


Ex. No. 


(^AN— 


R' 


Physicochemical 
properties 


10 


131 




H 


M.p.l80-183^C 


15 


132 


CHO 




ou 

MS(m/z):482(MH*) 




133 


3 


N OCH 3 


M.P.176-179T: 


20 


134 


> 




M.p.224-22rC 


25 






H u 






135 






Amorphous 
MS(m/z):500(MH*) 


30 












136 


? 


H H 3 cT 


M.p.l77-180 < C 


35 


137 




H / 
H 3 C 


Powder 

MS(m/z):486(MH*) 


40 


138 




/=N 

v iA;.n yu 


Powder 

MS(m/z):486(MH*) 


45 




HQ, . 


H tfT* 


Powder 

MS(m/z):500(MH*) 


50 


140 




^ ,0CH 3 

n^0CH 3 
0 


Amorphous 
MS(m/z):499(MH*) 
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Table 7 (No- 6) 



10 



15 



20 



25 



30 



35 



Ex. No. 


(an— 


R 1 


5 1C v wll CUUwcU 

properties 


141 




— ^nC 

CH 3 


Amorphous 
MS(m/z):448(MH1 


142 






Amorphous 
MS(m/z):503(MH*) 


143 


/ — f OH 


H 


M.p. 112-1 14 v 


144 




H 


Amorphous 
MS(m/z):512(MH*) 


145 






M.p. 123- 125*0 



Example 146 

[0117] The corresponding starting compounds are treated in a similar manner to give the compound of the following 
"formula as foam, MS (m/?): 464 (MH+). 



OMe 



40 



Example 147 

[0118] The corresponding starting compounds are treated in a similar manner to give the compound of the following 
45 formula, m.p. 140-1 44°C. 



so 
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5 



10 




15 

Example 148 

[0119] To a solution of (S)-2-(2-hydroxymethyl-1 -pyrrolidinyl)-4-(3-cM 

methyl)carbamoyl]-pyrimidine (307 mg) obtained in Example 1 -(5) in methylene chloride (6 ml) is added dropwise boron 
20 bromide (300 u.l) under ice-cooling. The reaction mixture is stirred at 0°C for 4 hours, and thereto is added methanol, 
and then a saturated aqueous sodium hydrogen carbonate solution under ice-cooling. The mixture is extracted with a 
mixture of ethyl acetate and tetrahydrofuran, and the organic layer is washed successively with water and brine. The 
mixture is dried over sodium sulfate, and concentrated under reduced pressure to give a slightly brown amorphous 
(227 mg). The resultant is suspended in chloroform, and the resulting insoluble materials are removed by filtration. 
25 The filtrate is subjected to silica gel column chromatography, and further purified by NH-silica gel column chromatog- 
raphy to give (S)-2-(2-hydroxyrhethyl-1-pyrrolidinyl)-4-(3-chloro-4-hydroxybenzylamino)-5-[N-(2-pyrimidylmethyl)car- 
bamoyl]pyrimidine(129mg) as a colorless foam, MS (m/z): 470 (MH + ), IR (Nujol): 3279, 1632, 1593, 1569, 1518, 1463 
cm* 1 . 

30 Example 149 

[0120] 

(1) A suspension of 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-ethoxycarbonylpyrimidine (2.00 g) ob- 
35 tained in Example 1(1) in dimethylsulfoxide (10 ml) is treated with 10 % aqueous sodium hydroxide solution (10 

ml) at room temperature. To the reaction mixture is added dimethylsulfoxide (5 ml), and the mixture is stirred at 
room temperature overnight. To the resulting colorless solution is added citric acid until the solution becomes 
acidic. To the solution is added an excess amount of water (about 50 ml), and the resulting precipitates are collected 
by filtration. The precipitates are washed with isopropyl alcohol and isopropyl ether successively, and dried under 
40 reduced pressure to give 2-methylthio-4-(3-chloro-4-methoxybenzylamino)-5-carboxypyrimidine (1 .864 g) as pale 

yellow impalpable powder, m.p. 238-240*0 (dec). 

(2) To a suspension of 4-(3-chloro-4-methoxybenzylamino)-5-carboxy-2-methylthiopyrimidine (200 mg) in methyl- 
ene chloride (5 mi) are added oxalyl chloride (150 mg) and N,N-dimethylformamide, and the mixture is stirred at 
room temperature for 30 minutes, and concentrated. To a suspension of the resulting acid chloride compound and 

45 5-aminopyrimidine (84.0 mg) in methylene chloride (5 ml) is added dimethylaminopyridine (144 mg) at room tem- 

perature^ and the mixture is stirfed at room temperature. To the mixture is poured water, and the mixture is extracted 
with ethyl acetate. The extract is washed with a saturated aqueous sodium hydrogen carbonate solution, water 
and brine, dried over sodium sulfate, and concentrated. The residue is triturated with a mixture of ethyl acetat 
and n-hexane to give 4-(3-chloro-4-methoxybenzylamino)-5-(5-pyrimidinylaminocarbonyl)-2-methylthiopyrimidine 

so' (216 mg) as pale yellow needles, m.p. 238-240°C, IR (Nujol): 3251, 1666 cm 1 , MS (m/z): 416 (M+). 

(3) To a suspension of the compound (150 mg) obtained in the above (2) in chloroform (10 ml) is added m-chlo- 
ropcrbenzoic acid (107 mg) at 0°C, and the mixture is stirred at 0°C for one hour, and stirfed at room temperature 
for one hour. To the mixture is added m-chloroperbenzoic acid (53 mg) at 0°C, and the mixture is stirred at 0°C 
for 30 minutes. To th mixtur are add d L-prolinol (43.7 mg) and triethylamin (72.9 mg) at 0°C, and the mixture 

55 is stirred at room temperatur for 20 hours. To th mixtur is pour d water, and the mixture is extracted with 

chloroform. The organic layer is washed with brine, dried over sodium sulfate, and concentrated under reduced 
pressure to give yellow viscous oil (201 mg), which is purified by NH-silica gel flash c lumn chromatography (sol- 
vent; ethyl acetate), washed with a mixture of ethyl acetate and hexane to give (S)-4-(3-chloro-4-methoxyben- 
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7 ylamino)-5-(5-pyrimidinylaminoc a rbonyl)-2-(hydroxymethyl-1.pyrrolidinyl)pyrimidine (81 mg) as colorless nee- 
dles, m.p. 192-195°C, IR (Nujol): 3279. 1669 cm 1 . MS (m/z): 470 (MH + ). 



P- _ 

Examples 150-157 

[0121] The corresponding starting compounds are treated in a similar manner as in Example 149 to give the com- 



5 

pounds as listed in the following Table 8 



10 




R 1 



20. 



25 



30 



35 



40 



45 



50 
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Table 8 



5 


HfX. 1NO. 


C A Kl 

Kir 




Physicochemical 
properties 


10 


150 




H 


Powder 

MS(m/z):469(MH+) 




151 




H 


Powder 

MS(m/z):470(MH+) 


15 


152 


ri^OH 


H 


M.p.l82-185 < C 


20 


153 




H 


M.p.l76-i78t: 




154 




H ?"> 
O-N 


Powder 


25 




MS(m/z):487(MH+) 


30 


155 




H 

CH 3 


M.p.l61-163t 


35 


156 




H 

0 ' CH 3 


Powder 

MS(m/z):513(MH+) 


40 


157 




CH 3 


Powder 

MS(m/z):498(MH+) 



45 Example 158 
[0122] 

(1 ) A suspension of 4-(3^hloro^-methoxybenzylamino)-5-cart)oxy"2-rnethylthiopyrimidine (1 54.0 mg) obtained in 
so Example 149 (1) in methylene chloride (5 ml) is treated with oxalyl chloride (119 |xl) at room temperature, and 

thereto is added N.N-dimethylformamide. The mixture is stirred for one hour, and the solvent is evaporated under 
reduced pressure. The residue is treated with ether, and kept in a refrigerator overnight. The volatile materials arc 
removed under reduced pressure, and the residue is treated with an excess amount of diazomethane at 0°C : and 
kept in a refrigerator overnight. The reaction is quenched with methanol, and the mixture is purified by silica g I 
55 chromatography (solvent; h xan :ethylacetat =2:1) to give4-(3-chloro-4-m thoxybenzylamino)-5-(diazomethyl- 

carbonyl)-2-methylthiopyrimidine (21 .5 mg) as paie yeilow solid, IR (Nujol): 3277, 2115, 1607, 1567, 1461, 1377, 
1357, 1141 cm 1 , MS (m/z): 364 (MH + ), m.p. 162-165°C (dec). 

(2) A suspension of the compound obtained in the above (1) (16.5 mg) in methanol (3 ml) is treated with tolue- 



49 



BNSDCCID: <EP 



1219609A1 i > 



EP 1219 609 A1 

nesulfonic acid monohydra.e (16.5 mg) at room temperature. The solvent is evaporated under reduced pressure, 
and the residue is purified by preparative TLC (solvent; hexanerethyl acetate = 2:1) to give 4-(3-chloro-4-meth- 
oxybenzylamino)-5-(methoxymethylcarbonyl)-2-methylthiopyrimidine (11 0 mg) as colorless oil 
(3) A solution of the compound (11.0 mg) obtained in the above (2) in chloroform (1 ml) -s treated wrth m-ch.orop- 

5 erbenzoic acid (7 4 mq) at 0°C. The mixture is treated with triethylamine (8.3 ul) and L-prolmol (36 mg) at room 

temperature, and the reaction mixture is stirred overnight. The reaction mixture is diluted with ethyl acetate, washed 
with a saturated aqueous sodium hydrogen carbonate solution and a saturated aqueous sodium chlonde solution, 
and dried over sodium sulfate. The residue is purified by preparative TLC (solvent; chloroform .ethyl acetate = 1 . 
l!7og*e(SM-(3-chlo^ 

w pyrimidine (8.5 mg) as colorless oil, MS (m/z): 421 (MH + ). 

INDUSTRIAL APPLICABILITY 

r0123l The compound (I) of the present invention and a pharmaceutical^ acceptable salt thereof exhibit excellent 
is PDE V inhibitory activities, and they are useful pharmaceutical compounds for the prophylaxis or treatment of pen.le 
erectile dysfunction, etc. 



20 



30 



35 



40 



45 



Claims 

1 . An aromatic nitrogen-containing 6-membered cyclic compound of the formula (I): 



25 ^^N^N <v ^ NH .CH 2 -R 2 



o ' W 



wherein Ring A is a substituted or unsubstituted nitrogen-containing heterocyclic group; & is a substituted or 
unsub tituted lower a.ky. group, a group of the formula: -NH-Q-R3 (in which f? is a substituted or unsubsWuted 
nitrogen containing heterocyclic group, and Q is a lower alky.ene group or a single bond), or a group of the formula. 
-NH-R4 (in which R4 is a substituted or unsubstituted cycloalkyl group); R* is a subst-tuted or unsubst.tuted aryl 
group; one of Y and Z is a group of the formula: =CH-, and the other is a group of the formula: =N-, or a 
pharmaceutically acceptable salt thereof. 

The compound according to claim 1, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered n. 
heteromonocyclic group or a 8- to 1 0-membered nitrogen-containing heterobicychc group, and the substrtuent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is selected from the group con- 
sists of (1 ) a lower alkyl group, (2) a hydroxy-substituted lower alkyl group, (3) a formyl group, (4) an oxo group 
ST ai no g n£>. (6) a hydroxy group" (7) a lower a.koxycarbony. group, and (8) a pyrimidiny. group substrtuted 
by (0 a TenzyLino g oup substituted by a halogen atom and a lower a.koxy group, and (II) a cycloa.kylcarbamoyl 
gZ sSSed by'a hydroxy group, fH. is a lower a.ky. group which may opt.ona..y be substituted bj r a group 
selected from the group consisting of a .ower alkoxy group, a hydroxy group, a morphohnyl group a .tower a.ky.- 
sulfonyl group, a di-(lower alkyl)phosphino group, a di-(.ower alky.)amino group, a pynmrd.nyl-substrtuted lower 
alkylamino group, a pyridyl group, a pyridylamino group and a lower alkyl-substituted piperazinyl group, a group 
oMheTormula -NH-Q R^ or a group of the formula: -NH-R*. the nitrogen-containing heterocychc group of th 
••substituted or unsubstituted nitrogen-containing heterocyclic group" for R3 is a 5- or 6-membered njbogen^ at- 
taining heteromonocyclic group or a 8- to 1 0-mombcred nitrogen-containing heterobicychc group, and the substrt- 
uent of the above "substituted or unsubstituted nitrdgen-containing heterocyclic group" is selected from the group 
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, an oxo group an am,no 
alky.)amino group, a lower alkanoyl group and a cyano-substituted low r alkyl group, R* ,s a cycloalkyl group berng 
subs titut d by a group selected from the group consisting of hydroxy group, a lower alkoxy group and , , pynmrd.- 
nyloxy group RS Ms a phenyl group being substituted by a group selected from th group cons.st.ng of a .ower 
alkoxy group a halogen atom, a cyano group, a nitro group, a hydroxy group and a lower alkyl group. 
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The compound according to claim 2, wherein the nitrogen-containing heterocyclic group of th "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containing 
heteromonocyclic group of the formula: 




or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-mem- 
bered nitrogen-containing heteromonocyclic group and a 5- or 6-membered cyclic group are fused: 




and the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 




or an aromatic nitrogen-containing heterocyclic group of the formula: 
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10 



OX. A N . OOt 

g-. or 0 , \> «■&■. 



T5 



or a pharmaceutical^ acceptable salt thereof. 

4 The compound according to claim 1 , wherein the nitrogen-containing heterocyclic group of the "substituted or 
' unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-containmg 

heteromonocyclic group or a 8- to 1 0-membered nitrogen-containing heterobicyclic group, and the substrtuent of 
the above "substituted or unsubstituled nitrogen-containing heterocyclic group" is selected from the group con- 

20 sisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, a formyl group and an oxo group R .s a 

lower alkyl group which may optionally be substituted by a group selected from the group cons.stmg of a lower 
alkoxy group and a morpholinyl group, a group of the formula: -NH-Q-R 3 or a group of the fomiufca: -NH-R 4 , the 
"substituted or unsubstitutec nitrogen-containing heterocyclic group" for R3 is a 5- or 6-membered mtrogen-con- 
taining heteromonocyclic group which may optionally be substituted by a lower alkyl group, R* is a cycloalkyl group 

25 being substituted by a group selected from the group consisting of hydroxy group and a lower alkoxy group R is 

a phenyl group being substituted by a group selected from the group consisting of a lower alkoxy group, a halogen 
atom and a cyano group. 

5 The compound according to claim 4, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic n.trogen- 
containing heteromonocyclic group of the formula: 



30 



45 



50- 



55 



Ct rilM >w 

or a nitrogen-containing heterobicyclic group of the following formula wherein the above-mentioned 5- or 6-mem- 
bered non-aromatic nitrogen-containing heteromonocyclic group and a 5- or 6-membered aromatic nitrogen-con- 
40 taining heteromonocyclic group are fused: 




oa - co- : 



m^ nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 



^-N^ or 
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or an aromatic nitrogen-containing heteromonocyclic group of the formula: 




6. The compound according to claim 1 , wherein Ring A is a group of the formula: 



OH OH 




R 1 is* a lower alkyl group, a lower alkoxy-substituted lower alkyl group, a morpholinyl-substituted lower alkyl group, 
a group of the formula: 

-NH-Q-R 3 or a group of the formula: -NH-R 4 R 3 is a group of the formula: 




R 4 is a group of the formula: 
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or 



OCH 3 



and 

r2 is a group of the formula: 



-Or 



OCH3 or Hf3~" OCH 3 



CI CN 



The compound according to claim 1 , wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered nitrogen-contam.ng 
heteromonocyclic group or a 8- to 10-membered nitrogen-containing heterobicyclic group, and the substrtuent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is a group selected from the group 
consisting of a lower alkyl group, a hydroxy-substituted lower alkyl group, a formyl group and an oxo group, R is 
a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R3, or a group of the formula: -NH-R*, 
the "substituted or unsubstituted nitrogen-containing heterocyclic group" for R3 is a 5- or 6-membered nitrogen- 
containing heteromonocyclic group which may optionally be substituted by a lower alkyl group, R 4 is a hydroxy- 
substituted cycloalkyl group, and R2 is a phenyl group being substituted by a group selected from the group con- 
sisting of a lower alkoxy group and a halogen atom. 

The compound according to claim 7, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic nitrogen- 
containing heteromonocyclic group of the formula: 



OCX. .« CO- 



or 

a group of the formula: 



N- N' 

the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

o 



or 
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an aromatic nitrogen-containing het romonocyclic group of the formula: 



9. The compound according to claim 1 , wherein Ring A is a group of the formula: 

10 



15 



20 



30 



35 



50 



OH 

r? CO 



O 

H 3 CN 



25 R1 is a lower alkoxy-substituted lower alkyl group, a group of the formula: -NH-Q-R 3 , or a group of the formula: 

. -NH-R 4 , R 3 is a group of the formula: 



H 3 C 



R 4 is a group of the formula: 



*° — ( >~OH 




^5 and R 2 is a group of the formula: 



och 3 

ci 



10. The compound according to claim 1, wh rein the nitrogen-containing het rocyclic group of the "substituted or 
55 unsubstitut d nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-memb red nitrogen-containing 

heteromonocyclic group or a 8- to 10-membered nitrogen-containing h ter bicyciic group, and the substituent of 
the above "substituted or unsubstituted nitrogen-containing heterocyclic group" is a hydroxy-substituted lower alkyl 
group, R 1 is a group of the formula: -NH-Q-R 3 , the "substituted or unsubstituted nitrogen-containing heterocyclic 
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group" for R 3 is a 5- or 6-membered nitrogen-containing heteromonocyclic group which may optionally be substi- 
tuted by a lower alkyl group, and R 2 is a phenyl group being substituted by a group selected from the group 
consisting of a lower alkoxy group and a halogen atom. 

11. The compound according to claim 10, wherein the nitrogen-containing heterocyclic group of the "substituted or 
unsubstituted nitrogen-containing heterocyclic group" for Ring A is a 5-or 6-membered non-aromatic nitrogen- 
containing heteromonocyclic group of the formula: 




or 

a group ol the formula: 




the nitrogen-containing heterocyclic group of the "substituted or unsubstituted nitrogen-containing heterocyclic 
group" for R 3 is a non-aromatic nitrogen-containing heteromonocyclic group of the formula: 

J 

or - 

an aromatic nitrogen-containing heteromonocyclic group of the formula: 




12. The compound according to claim 1 , wherein Ring A is a group of the formula: 



OH 




R 1 is a group of the formula: -NH-Q-R 3 R 3 is a group of the formula: 
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and 

R 2 is a group of the formula: 




13. The compound according to any one of claims 1-12, wherein Y is a group of the formula: =N — , and Z is a group 
of the formula: =CH — . 

14. (S)-2-(2-Hydroxymethyl-1-pyn-olidinyl)-4-(3-chloro-4-methoxyben2ylamino)-5-[N-(2-pyrimidinylmethyl)car- 
bamoyl]pyrimidine; 

2-(6 I 7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl) 
carbamoyljpyrimidine; 

2-(5 l 6,7 > 8-tetrahydroimidazo[1 ) 2-a]pyrazin-^ 
cyclohexyl)carbamoyl]-pyrimidine; 

2-(6^-dihydro-5H-pyrrolo[3 l 4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycy- 
clohexyl)carbamoyl]-pyrimidine; 

2-(6,7-dihydro-5H-pyrrolo[3,4-b]pyridin-6-yl)-4-(3-cyano-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl) 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl)car- 
bamoyl]pyrimidine; 

2-f(2S)-2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-fN-[[(2R)-4-methyl-2-mor- 

pholinyl]methyl]carbamoyl]-pyrimidine; 

2-[(2S)-2-hydroxymethyl-1-pyn-olidinyl)^^ 

pholinyl]methyl]carbamoyl]-pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-cN 

bamoyl]pyrimidine; 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)car- 
bamoyl]pyrimidine; 

2-(4-formylO-piperazinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)carbam 
pyrimidine; 

2-(5 t 67,8-tetrahydroimidazol1,2-aJpyrazin-7-yl^ 
cyclohexyl)carbamoyl]-pyrimidine; 

2-[cis-2,5-bis(hydroxymethyl)-1-pyrTolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5^N-(2-pyrimidinylmethyl) 
carb"amoyl]pyrimidine; 

2-(5,6y3-tetrahydroimidazo[1 > 2-a]pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylme- 
thyl)carbamoyl]pyrimidine; 

2-(5,6J3-tetrahydroimjdazo[1,2-a)pyrazin-7-yl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-moipholin 
thyl)carbamoyl)pyrimidine; 

2-(5,67,8-tetrahydro-17-naphthyridin-7-yl)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(2-morpholinoethyl) 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-acethylpyrimidine; 
(S)-2-(2-hydroxym thyl-1 -pyrrolidinyl)-4-(3-chloro-4-methoxyb nzylamino)-5-[N«(4-pyridazinylm thyl)car- 
bamoyljpyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(5-pyrimidinylm thyl)car- 
bamoyllpyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinyl)-4-(3^hloro-4-methoxybenzylamino)-5-[N-(2-pyridylmethyl)car^ 
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pyrimidine; 

(S)-2-[N-(2-pyrimidinylmethyl)carbam 1-pyrro- 
lidinyllpyrazine, 

(S)-2-(2-hydroxymethyM-pyrrolidm^^^ 

5 [pyrimidine; ■ 

2-(5,67,84etrahydroimidazo[1,2-a]pyrazin-7-yl)^-(3-chloro-4-methoxyben 

pholinyl)methyl]-carbamoyl]pyrimidine; . • 

(S)-2-[N-(2*morpholinoethyl)carbamoyl]-3-(3-chloro-4-methoxybenzylamino)-5-^ 

nyl)pyrazine; . 
io 2 -[N-(2-pyrimidinylmethyl)carbam 
[1 ,2-a]pyrazin-7-yl)pyrazine; 
(S)-2-(2-hydroxymethyl-1-pyrrolidi^ 

(S^n^hydroxymethyl- 1 -pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(1 ^.S-trimethyM-pyrazolyl) 
15 carbamoyljpyrimidine, or a pharmaceutically acceptable salt thereof. 

15. (S)-2-(2-Hydroxymethyl-1-pyro 

bamoyl]pyrimidine; . 
(S)-2-(2-hydroxymeihyl-1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(4-pyrimidinylmethyl)car- 

20 bamoyl]pyrimidine; . . 

2-(4-methyl-3-oxo-1-piperazinyl)-4-(3-chloro-4-methoxybehzylamino)-5-[N-(tran 

bamoyl]pyrimidine; 

2-(4-formyl-1-piperazinyl)-4-(3-chloro-4 : methoxybenzylamino)-5-[N-(trans-4-hydroxycyclohexyl)c 

pyrimidine; ' ' - i 

25 . 2 -(5,67,8-tetrahydroimidazo[1,2-a^ 

thyl)carbamoyl]pyrimidine; 

2-(5,6,7,8.tetrahydroimidazo[1 ,2-a]pyrazin-7-yl)-4-(3.chloro-4-methoxybenzylamino) -5- [N-(2-morpholinoe- 
thyl)carbamoyl]pyrimidine; 

2-(5,6,7,8-tetrahydro-1 j-naphthyridin-7-ylH-(3^hloro^^ 

30 carbamoy!]pyrimidine; . 

(S)-2-(2-hydroxymethyl- l-pyrrolidinyl)-4-(3-chloro-4-methoxybenzy!amino)-5-[N-(5-pyrimid l nylmethyl)car- 

bamoyl]pyrimidine; " 

(S)-2-[N-(2-pyrimidinylmethyl)cato^ 

lidinyl]pyrazine; 

35 (S )-2-(2-hydroxymethyl-1-pyiTolidinyl)-4-(3^hloro^-methoxybenzylam 

midine; i i\ 

(S)-2-(2-hydroxymethyl-1-pyrrolidi^ 

carbamoyl]pyrimidine, or a pharmaceutically acceptable salt thereof . 
40 16. (S)-2-(2-Hydroxymethyl- i.pyn-olidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(2-pyrimidinylmethyl)car- 
bamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl-1-pyrrolidinylM^ 
bamoyljpyrimidine; 

2-(5,6J,8-tetrahydroimidazo[1,2-a]py^ 
45 thyl)carbamoyl]pyrimidine; 

2-(5$J t 8-tetrahydrq-17-naphthyri^^^ 
carbamoyl]pyrimidine; 

(S)-2-(2-hydroxymethyl- i-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5-[N-(5-pynmidinylmethyl)car- 
bamoyl]pyrimidine; 

50 . _ (S)-2-[NH2-pyhmidinylmethyl)carbamoyl],3-(3-chloro-4-methoxybenzylamino)-5-[2-hydroxymethyl-1 -pyrro- 
lidinyljpyrazine; 

(S)-2-[N-(2-morpholinocthyl)cart>amoy^ 

nyl]pyrazine; . 
(S)-2-(2-hydroxymethyl-1-pyrrol^^ 
55 carbamoyllpyrimidine, or a pharmaceutically acceptable salt thereof. 

1 7. (S)-2-(2-Hydroxym thyl- 1 -pyrrolidinyl)-4-(3-chloro-4-methoxyben7ylamino)-5-{N-(2-pyrimidinylmethyl)car- 
bamoyllpyrimidine, or a pharmaceutically acceptable salt thereof. 
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2-(5,6,7,8-Tetrahydro-1 ,7-naphthyridin-7-yl)-4-(3-chloro-4-methoxyben7ylam^ 
bamoyfl-pyrimidine. 

or a pharmaceuticalty acceptable salt thereof. 

(S)-2-(2-Hydroxymethyl- 1-pyrrolidinyl)-4-(3-chloro-4-methoxybenzylamino)-5- [N-(1,3,5-trimethyl-4-pyrazolyl) 
carbamoylj-pyrimidine, 

or a pharmaceutically acceptable salt thereof. 

A pharmaceutical composition, which contains as an active Ingredient the compound as set forth in any one of 
claims 1-19, or a pharmaceutically acceptable salt thereof. 

A method for treatment of penile erectile dysfunction, which comprises administering an effective amount of the 
compound as set forth in any one of claims 1 -1 9, or a pharmaceutically acceptable salt thereof, to a patient in need 
thereof. 

A method for treatment of pulmonary hypertension, which comprises administering an effective amount of the 
compound as set forth in any one of claims 1-19, or a pharmaceutically acceptable salt thereof, to a patient in need 
thereof. 

A method for treatment of diabetic gastrpparesis, which comprises administering an effective amount -of the com- 
pound as set forth in any one of claims 1-19, or a pharmaceutically acceptable salt thereof, to a patient in need 
thereof. 

Use of the compound as set forth in any one of claims 1-19, or a pharmaceutically acceptable salt thereof t in the 
treatment of a patient with penile erectile dysfunction. 

Use of the compound as set forth in any one of claims 1-19, or a pharmaceutically acceptable salt thereof, in the 
treatment of a patient with diabetic gastroparesis. 

Use of the compound as set forth in any one of claims 1-1 9, or a pharmaceutically acceptable salt thereof, in the 
treatment of a patient with pulmonary hypertension. 
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